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FRANK COVERT JEAN 


o Professor Frank Covert Jean, an out- 
f fre classroom teacher of science, 
is accorded the honor of being recipient of 
the Tenth Science Education Recognition 
Award. 
farm near Plattsmouth, Nebraska, June 21, 
1880, the son of Charles L. and Amanda J. 
Jean. His elementary school education was 


Professor Jean was born on a 


attained in the nearby Jean rural school. 
Working on the farm between terms, he 
completed the eighth grade by examination 
in 1901. He completed work preparatory to 
college, 1901-03, at York College, York, 
Nebraska. During 1904-06 he finished col- 
lege freshman and sophomore requirements 
at York College. Entering the University 
of Nebraska in 1909, he received an A.B. 
degree in 1911, majoring in education and 
minoring in Latin. During the year 
1916-17, he completed his M.A. degree at 
the University of Nebraska, majoring in 
Botany. 
Nebraska in 1924, he completed work for 
the Ph.D. degree in 1925, majoring in plant 
ecology and minoring in genetics. Dr. Jean 
explains his change to a plant science major 
as follows : 

“When I entered the University of Ne- 
braska, Dr. Charles E. Bessey, formerly 
Head of the Department of Botany at the 
Ames, Iowa Agricultural College and one 
of the men instrumental in organizing the 
U. S. Department of Agriculture, had sub- 
sequently become Head of the Botany De- 
partment at the University of Nebraska. 
He had the reputation of being the best 
teacher on the campus. He also had great 
administrative ability and at the request of 
the Board of Regents of the University had 
served a time or two as acting chancellor in 
the interim between administrations. He 


Returning to the University of 
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had been offered the chancellorship by the 
Regents, but he had promptly declined it 
saying he was a botanist and a teacher 
not an administrator. 

“Since I as an undergraduate was major- 
ing in education, I decided to audit a fresh- 
man class of his in an attempt to learn the 
source of his ability and power as a teacher. 
I did this for a whole year and it was the 
What 
I learned by that experience has colored my 


best course in education I ever took. 
whole life as a science teacher. Moreover, 
I elected 2 or 3 courses in botany in my 
senior year, hence the Peru job, which to 
begin with paid me but $100 a month.” 

Dr. Jean began, what was to become an 
illustrious teaching career, in the rural Jean 
1903. 
ranging in grade level from beginners to 
eighth graders. 


school in Here he had 43 pupils, 
He served as teaching prin- 
cipal (and “Superintendent Honorary,” as 
one board member put it who had been edu- 
cated in German schools before he came 
to America) at Doniphan, Nebraska, and 
Milford, Nebraska, 1906-09. 


taught science and Latin. 


Here he 
Beginning as 
Professor of Botany in 1911, he taught at 
the Nebraska State Teachers College at 
From 1915 through 1921, he served 
there as Head of the Biology Department 


Peru. 


During the summer of 1918, Dr. Jean did 
field work in botanical problems for the 
Carnegie Institution of Washington, D. C., 
under the direction of Dr. John E. Weaver, 
Professor of Plant Ecology at the Uni- 
versity of Nebraska. Also during the sum- 
mers of 1922, 1923, and 1924, Dr. Jean 
carried on extensive experimental work in 
crop ecology under Dr. Weaver’s general 
supervision. In 1921 Dr. Jean went to the 
Colorado State Teachers College at Greeley 
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to become Head of the Department of Bi- 
In 1926, in addition to the Headship 
siology Department, he was ap- 


ology. 
of the 
pointed Director of the Graduate School, a 
position he held until 1933. During 1933, 
the college departments were organized into 
divisions and at his request (being much 
more interested in science and science teach- 
ing than in administrative work), President 
George W. Fraser released him from the 
Graduate School and made him Chairman 
of the Science Division (Chemistry, Phys- 
ics, Botany, Zoology, Geology, and Science 
Education). This position he held until 
his retirement in 1945. 
tinued to teach until 1948. 
Thus Dr. Jean’s active teaching career 
extended through a period of forty-five 
years—years of joy and the personal satis- 
faction of doing what he most wanted 
to do—an inspiring job as a classroom 
teacher—his first and greatest love. Here 
at Colorado State he and his loyal associates 
built the Science Division into one of the 
outstanding divisions of the college. As far 
as this writer can judge, the Science Di- 
vision developed at Greeley under Dr. Jean 
(and one might add continuing down to the 
present writing) is one of the best to be 
found in the teacher training institutions of 
the country. The influence of its extensive 
course offerings, inspirational teaching, and 
its professional spirit is being felt through 
its graduates in many classrooms through- 
out America. Classroom teachers of science 
coming under the sway of Dr. Jean’s excel- 
lent leadership, either actively teaching at 
Greeley, or trained at Greeley and noted 
likewise for their excellent, inspired teach- 
ing include Barnard, Lammel, Harrah, Her- 
man, Selberg, Neal, Roche, Decker, Glid- 
den, Hurd, Edwards, and so on. 
Professor Jean says, “The most im- 
portant event of my tenure at Peru was 
meeting Mabel Hancock, a teacher in the 
Department of Home Economics from 
Clarion, Iowa. We were married in 1915 
and her loyalty, encouragement and. active 
assistance has been a primary factor in any 


However, he con- 
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degree of success I may have attained.” 
They have no children. They reside at 1937 
Montview Drive, Greeley, Colorado. Dr. 
and Mrs. Jean are active members of the 
First Congregational Church at Greeley. 

The title of Dr. Jean’s master’s thesis is 
“The Leaf Area of the Most Common Crop- 
land Weeds of That Region.” 
study is entitled “Root Behavior and Crop 
Yield Under Irrigation,” published as Pub- 
lication No. 357, Carnegie Institution of 
Washington, D. C. Other publications in- 
clude: “The Ecotone Between Prairie and 
Woodland” (with John E. Weaver 
Raymond J. Pool) in University of Ne- 
braska Studies, 1919; “The Development 
and Activities of Roots of Crop Plants” 
(with John E. Weaver and J. W. 
Crist), published as Publication No. 
316, Carnegie Institution of Washington, 
D. C., 1922. This is really a monograph 
of 115 pages plus 20 pages of illustrative 
plates. “Root Inheritance of Peas,” Bo- 
tanical Gazette, 86:318-329, 1928. To 
most readers of Science Education, Dr. 
Jean is best known for two textbooks in 
science for general education. Book I “Man 
and His Physical Universe” and Book II 
“Man and His Biological World,” published 
by Ginn and Company, originally in 1933 
and 1934. Co-authors with Jean in writing 
the two textbooks are Ezra Clarence Harrah 
and Fred Louis Herman, with the Editorial 
Collaboration of Samuel Ralph Powers. 
Incidentally the third and in many respects 
the most extensive revision of this series 
has been completed, with Book I scheduled 
to be out in April of this year and Book II 
shortly thereafter. These revisions have 
occupied much of Dr. Jean’s time during 
the past three or four years, a revision Dr. 
Jean refers to as his “swan-song” in the 
textbook writing business. 

Membership in organizations include: 
The National Association for Research in 
Science Teaching, Eugenics Association, 
American Association for the Advancement 
of Science, Colorado Education Association, 
Nebraska Academy of Science, and the 


His doctoral 


and 
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Colorado-Wyoming Academy of Science. 
He is a Charter and Life Member of 
N.A.R.S.T. He served as President of 
the Nebraska Academy of Science, 1917-18, 
as Chairman of the Botany Division of the 
Colorado-Wyoming Academy of Science, 
1928, and as President of the Colorado- 
Wyoming Academy of Science, 1933-34. 
He was a member of the Committee that 
helped to organize the Colorado-Wyoming 


Academy of Science. Dr. Jean is listed in 


Leaders in American Science, American 

Men of Science, and Leaders in Education. 
In a letter to the writer regarding science 

teaching, Dr. Jean wrote as follows: 


“Since I was trained in the techniques of pure 
science research rather than that of science edu- 
cation, I was always hesitant about posing as a 
science educator. Such contributions as I was able 
to make were made largely through our own 
Science Division here at Greeley and through 
the influence of our science textbook series. I 
might mention the following things, keeping in 
mind always that it was we—my competent, loyal, 
hardworking associates and I—who made such 
contributions as were made. Among them I might 
mention : 

“1. We always had a wholesome respect for the 
contribution which the scientific method of attack 
had made on man’s discoveries in the field of 
nature and in the solution of a great many of life’s 
problems. Consequently, we tried as best we 
could to adopt this type of attack on the problem 
of instruction in our more elementary classes. 
Miss Selberg especially, and I tried to apply this 
method. Sometimes we were greatly encouraged 
by the results obtained; then at other times we 
were not so sure we were achieving the desired 
objectives. I suppose this is the common experi- 
ence of serious-minded teachers. 

“2. To promote interest in science education and 
effective methods of teaching science in this west- 
ern region we, for many years, held a summer 
conference in science education. We headed the 
program each year by some outstanding leader 
in the field of science education—Powers, Curtis, 
Beauchamp, Miss Parker, Craig, and others. 

“Whenever, the national leader that high-lighted 
one of these conferences could spare us the time, 
we always asked him to follow the conference by 
teaching a two-week unit course in his field. To- 
day I suppose such a session would be called a 
‘Workshop.’ 

“3. Teachers from colleges, universities, and 
public schools of this region attended and by their 
questions and discussions added materially to the 
value of the conferences. Moreover, hundreds 
of public school science teachers attended and 
carried back to their schools the new ideas, sug- 


FRANK COVERT JEAN 


101 


gestions, and inspiration which they received on 
these occasions. 

“4. Personally in the classroom I tried to do the 
most stimulating type of science teaching at my 
command. In a class it always appealed to me as 
being a great privilege as well as a heavy re- 
sponsibility to have under my control an hour 
of the lifetime of each of some 40 or 50 students. 
Consequently, I made careful preparation both as 
to what was to be taught during that hour and 
how best to do it. Moreover, I always tried to 
command the interest and response of every stu- 
dent in the class. One student staring blankly 
about the room or persistently gazing out a win- 
dow, spoiled the hour for me. Most of my asso- 
ciates had the same point of view and made a com 
parable effort. 

“5. We feel that we here at Greeley, to some 
degree perhaps, gave the initial impetus towards 
science teaching and science education as a 
career to several students, now prominent in that 
field. Among them are: Edith Selberg, Paul 
Hurd, Darrell Bernard, and Rose Lammel. More- 
over, Lon Edwards, in charge of science education 
at the Danbury Connecticut Teachers College, 
and Don Decker while not taking their A.B. with 
us did come to Greeley for their M.A. degree. 
We, of course, wish to stress that word initial. 
For the little flame of interest that we may have 
kindled in their early student days was fanned 
into a blaze during their advanced graduate studies 
with masters such as Powers, Curtis, Pieper, et al. 

“6, Finally for students majoring in fields other 
than science, we feel that our development of spe- 
cial courses and texts whose generalizations are 
not limited to any one scientific field but cut across 
the various sciences at wil! is one of our major 
contributions. 

“In this connection we are not talking about 
courses in which a single generalization or prob- 
lem may involve a smattering of knowledge first 
from one science and then from another ad in- 
finitum as some ultra-progressive educators do. 
We mean rather the carefully selected generaliza- 
tions in each science that we consider to be of 
most value to a non-science major and then de- 
veloping those generalizations each within its 
own field—astronomy, physics, chemistry, biology, 
geology, etc. 

“We introduced these courses in 1929 when no 
workable texts were available. In developing 
these courses we had a great many conferences 
with the students themselves, both individually 
and in groups. These were supplemented by 
reading such related material as was available 
in this field 30 years ago, almost endless discus- 
sional sessions among ourselves as intructors in 
these new classes, and finally the experience gained 
by teaching the courses to literally thousands of 
young students. These experiences gave us many 
definite ideas relative to the generalizations and 
subject matter that should be included, successful 
methods of teaching in this field, sources of 
suitable demonstrational material and other visual 
aids, as well as the educational values that may 
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be achieved as the end products of such a program. 

“Frankly in addition to a teaching load of 12 
hours most of such creative ideas as I could 
muster during the last 12 or 15 years of my teach- 
ing life went into the development of these courses 
and the textbooks which accompany them. 

“As for a philosophy of science and science 
education, frankly I’ve never been able to formu- 
late one. During the years I’ve also asked 
several other science teachers to state their phi- 
losophy with about the same results as I had been 
able to arrive at. Consequently what I’m going 
to say I will call Points of View regarding sci- 
ence and science education but shall not dignify 
it as ‘my philosophy.’ 

“Science is one avenue of approach to man’s 
understanding of truth and reality just as other 
disciplines—history, the social studies, fine arts, 
ethics, and philosophy are. Science, however, is 
different from most of the other disciplines in 
that it deals mainly with the concrete materials, 
both animate and inanimate, of the universe and 
the different forms of energy which react upon 
them. 

“The study and development of science have led 
to important generalizations which are of tre- 
mendous importance in every day life. Repre- 
sentative of these are: ‘Every form of energy 
may be transformed into other forms of energy,’ 
and ‘All pathogenic diseases are caused by in- 
fectious microorganisms.’ (Here viruses are con- 
sidered to fall in this category.) The importance 
of the first generalization is attested by the fact 
that atomic energy and its possible conversions 
are not only commanding a major part of in- 
telligent men’s concern today but likewise a major 
part of their financial resources. Even elementary 
and high school pupils in these days moreover, 
have considerable acquaintance with the extent 
to which Koch’s and Pasteur’s discoveries and 
generalizations when applied are promoting health, 
prolonging life, and delivering man from the fear 
and suffering caused by pathogenic agents in 
nature. 





“Science, moreover, has developed dependable 
techniques of testing the truth or falsity of new 
discoveries and scientific hypotheses. The first 
was by piling up the evidence through many ob- 
servations. Crowther tells us that the Ionian 
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Greeks did not know how to establish the truth 
of their bold speculations because they had not 
discovered the methods of collecting new facts 
to test a hypothesis. Later scientists adopted the 
experimental method of testing theories and 
hypotheses. When applicable this procedure with 
its single controlled variable and its possibility 
of being checked by other research workers is 
the most conclusive method of testing and veri- 
fying a true hypothesis that the ingenuity of man 
has been able to work out. 

“Finally trained workers in the field of science 
have learned the tremendous influences that atti- 
tudes may have in the search for new truth and 
the solution of problems. They can so influence 
one’s efforts as to lead to solid truth or to monu- 
mental error. 

“The late Henry Goddard declared ‘Life is a 
series of problems, that admits of no argument; 
only a moron does not know that life is just one 
problem after another.’ If that be true, a great 
responsibility as well as a supreme privilege 
rests upon the shoulders of every science teacher 
—that of teaching his students, in so far as it 
is possible, the methods as well as the safeguards 
of sound dependable thinking. The NEA has 
adopted for its 1958 theme ‘Our Future Goes to 
School Today.’ That slogan certainly presents a 
profound challenge to every thoughtful science 
teacher in America.” 


It is our personal pleasure to have known 
Dr. Jean over a period of a great many 
years. Unfortunately we were never priv- 
ileged to have had him as an inspiring class- 
room teacher. But we long have been in- 
spired by his inspirational leadership, his 
innate sense of modesty, and his insistence 
upon giving his colleagues (and others) the 
“credit.” 

So to one of America’s finest and most 
inspirational classroom teachers of science 
is made the Tenth Science Education Rec- 
ognition Award. 


CLARENCE M. Pruitt 











RECOMMENDATIONS RELATIVE TO OUR EDUCATIONAL 
SYSTEM * 


Dwicut D. EISENHOWER 
The President of the United States 


To the Congress of the United States: 


DUCATION best fulfills its high purpose 
E when responsibility for education is 
kept close to the people it serves—when 
it is rooted in the home, nurtured in the 
community, and sustained by a rich variety 
of public, private, and individual resources. 
The bond linking home and school and com- 
munity—the responsiveness of each to the 
needs of the others—is a precious asset of 
American education. 

This bond must be strengthened, not 
weakened, as American education faces new 
responsibilities in the cause of freedom. For 
the increased support our educational sys- 
tem now requires, we must look primarily to 
citizens and parents acting in their own 
communities, school boards and city coun- 
cils, teachers, principals, school superin- 
tendents, State boards of education and 
State legislatures, trustees and faculties of 
private institutions. 

Because of the national security interest 
in the quality and scope of our educational 
system in the years immediately ahead, 
however, the Federal Government must 
also undertake to play an emergency role. 
The administration is therefore recom- 
mending certain emergency Federal actions 
to encourage and assist greater effort in 
specific areas of national concern. These 
recommendations place principal emphasis 
on our national security requirements. 

Our immediate national security aims— 
to continue to strengthen our Armed Forces 
and improve the weapons at their command 
—can be furthered only by the efforts of 
individuals whose training is already far 
advanced. But if we are to maintain our 
position of leadership, we must see to it 
that today’s young people are prepared to 
the our future 


contribute maximum to 


* Address to Congress, January 27, 1958. 


progress. Because of the growing impor- 
tance of science and technology, we must 
necessarily give special, but by no means 
exclusive, attention to education in science 
and engineering. 

The Secretary of Health, Education, and 
Welfare and the Director of the National 
Science Foundation have recommended to 
me a comprehensive and interrelated pro- 
gram to deal with this problem. Such pro- 
gram contemplates a major expansion of 
the education activities now carried on by 
the National Science Foundation, and the 
establishment of new programs in the De- 
partment of Health, Education, and Wel- 
fare. I have approved their recommenda- 
tions, and commend them to the Congress 
as the administration program in the field 
of education. This is a temporary program 
and should not be considered as a perma- 
nent Federal responsibility. 

PROGRAMS OF THE NATIONAL SCIENCE 
FOUNDATION 


The programs of the National Science 
Foundation designed to foster science edu- 
cation were developed in cooperation with 
the scientific community under the guid- 
ance of the distinguished members of the 
National Science Board. They have come 
to be recognized by the educational and 
scientific communities as among the most 
significant contributions currently being 
made to the improvement of science educa- 
tion in the United States. 

The administration has recommended a 
fivefold increase in appropriations for the 
scientific education activities of the National 
Science Foundation. These increased ap- 
propriations will enable the Foundation, 
through its various programs, to assist in 


laying a firmer base for the education of 
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our future scientists. More immediately, 
these programs will help supply additional 
highly competent scientists and engineers 
vitally needed by the country at this time. 


1. Improvement of the subject-matter 
knowledge of science and mathematics 
teachers 


First, the administration is recommend- 
ing an increase in funds to support insti- 
tutes sponsored by the Foundation for the 
supplementary training of science and 
mathematics teachers and a somewhat 
larger increase to support teacher fellow- 
ships. This will provide additional study 
opportunities to enable more science and 
mathematics teachers in our schools and 
colleges to their fundamental 
knowledge and, through improved teach- 
ing techniques, stimulate the interest and 
imagination of more students in these im- 
portant subjects. 


improve 


2. Improvement of course content 


the administration is recom- 
mending an increase in funds to enable the 
Foundation to stimulate the improvement 
cf the content of science course at all levels 
cf our educativnal system. The efforts of 
even the most dedicated and competent 
teachers will not be effective if the curricula 
and materials with which they work are 
out of date or poorly conceived. 


Second, 


3. Encouragement of science as a career 


Third, the administration is proposing 
an expansion of the Foundation’s programs 
for encouraging able students to consider 
science as a career. Good teaching and 
properly designed courses are important 
factors in this regard, but there are other 
ways in which interest in these fields may 
be awakened and nurtured. The Founda- 
tion has already developed a series of pro- 
grams directly focused on the problem of 
interesting individual students in science 
and _ these should be 


careers, programs 


expanded. 
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4. Graduate fellowships 


Fourth, the administration is recommend- 
ing an increase in the Foundation’s gradu- 
ate fellowship program. The enlarged pro- 
gram will make it possible for additional 
competent students to obtain better training 
for productive and creative scientific effort. 
5. Expansion of other programs 

The administration is recommending that 
funds be provided to enable the Foundation 
to initiate several new programs which will 
provide fellowship support for secondary 
school science teachers (during the sum- 
mer months), for graduate students who 
serve during the school year as teaching 
assistants, and for individuals who wish 
to obtain additional education so that they 
may become high-school science and mathe- 
matics teachers. 

PROGRAMS OF THE DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 


The education programs of the National 
Science Foundation deal exclusively with 
science education and operate mainly 
through scientific societies and science de- 
partments of colleges and _ universities. 
There is, however, an emergency and tem- 
porary need for certain additional Federal 
programs to strengthen general education, 
and also for certain Federal programs 
to strengthen science education in our 
State and local school systems. The ad- 
ministration is recommending legislation 
authorizing these additional programs in 
the Department of Health, Education, and 
Welfare for a 4-year period only. 


1. Reducing the waste of talent 


High-quality professional personnel in 
science, engineering, teaching, languages, 
and other critical fields are necessary to our 
national security effort. Each year, never- 
theless, many young people drop out of 
high school before graduation. Many able 
high-school graduates do not go on to col- 


lege. This represents a waste of needed 
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talent. Much of this waste could be avoided 
if the aptitudes of these young people were 
identified and they were encouraged toward 
the fullest development of their abilities. 

The administration proposes, therefore, 
that the Congress authorize— 


(a) Matching grants to the States to 
encourage improved State and local test- 
ing programs to identify the potential 
abilities of students at an early stage in 
their education. 

(b) Matching grants to the States to 
encourage the strengthening of local 
counseling and guidance services, so that 
more able students will be encouraged to 
stay in high school, to put more effort 
into their academic work, and to prepare 
for higher education. The program also 
would provide for grants of funds to 
colleges and universities to permit them 
to establish training institutes to improve 
the qualifications of counseling and guid- 
ance personnel. 

(c) A program of Federal scholar- 
ships for able high-school graduates who 
lack adequate financial means to go to 
college. The administration recommends 
approximately 10,000 new scholarships 
annually, reaching a total of 40,000 in 
the fourth year, to be closely coordi- 
nated with the testing and counseling 
programs. Scholarships should be al- 
lotted among the States on an equitable 
basis and awarded by State agencies on 
the basis of ability and need. Although 
it should not be compulsory for students 
to pursue a specific course of study in 
order to qualify, reasonable preference 
should be given to students with good 
preparation or high aptitude in science 
or mathematics. 


2. Strengthening the teaching of science 
and mathematics 


National security requires that prompt 
action be taken to improve and expand the 
teaching of science and mathematics. Fed- 
eral matching funds can help to stimulate 
the organization of programs to advance 
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the teaching of these subjects in the public 
schools. 

The administration therefore recom- 
mends that the Congress authorize Federal 
grants to the States, on a matching basis, 
for this purpose. These funds would be 
used, in the discretion of the States and 
the local school systems, either to help 
employ additional qualified science and 
mathematics teachers, to help purchase 
laboratory equipment and other materials, 
to supplement salaries of qualified science 
and mathematics teachers, or for other re- 
lated programs. 


3. Increasing the supply of college teachers 


To help assure a more adequate sup- 
ply of trained college teachers, so crucial 
in the development of tomorrow’s leaders, 
the administration recommends that the 
Congress authorize the Department of 
Health, Education, and Welfare to pro- 
vide— 

(a) Graduate fellowships to encour- 
age more students to prepare for col- 
lege teaching careers. Fellows would 
be nominated by higher educational in- 
stitutions. 

(b) Federal grants, on a matching 
basis, to institutions of higher education 
to assist in expanding their graduate 
school capacity. Funds would be used, 
in the discretion of the institution itself, 
either for salaries or teaching materials. 


4. Improving foreign-language teaching 

Knowledge of foreign languages is par- 
ticularly important today in the light of 
America’s responsibilities of leadership in 
the free world. And yet the American 
people generally are deficient in foreign 
languages, particularly those of the emerg- 
ing nations in Asia, Africa, and the Near 
East. It is important to our national secu- 
rity that such deficiencies be promptly 
overcome. The administration therefore 
recommends that the Department of Health, 
Education, and Welfare be authorized to 
provide a 4-year program for— 
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(a) Support of special centers in col- 
leges and universities to provide instruc- 
tion in foreign languages which are im- 
portant today but which are not now 
commonly taught in the United States. 

(b) Support of institutes for those 
who are already teaching foreign lan- 
guages in our schools and colleges. These 
institutes would give training to improve 
the quality and effectiveness of foreign 
language teaching. 


5. Strengthening the Office of Education 


More information about our educational 
system on a national basis is essential to 
the progress of American education. The 
United States Office of Education is the 


principal source of such data. 
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Much of the information compiled by 
the Office of Education must originate with 
State educational agencies. The adminis- 
tration therefore recommends that the Of- 
fice of Education be authorized to make 
grants to State educational agencies for 
improving the collection of statistical data 
about the status and progress of education. 

* * * 

This emergency program stems from na- 
tional need, and its fruits will bear directly 
on national security. The method of 
accomplishment is sound: the keystone is 
State, local, and private effort; the Federal 
role is to assist, not to control or supplant, 
those efforts. 

The administration urges prompt enact- 
ment of these recommendations in the 
essential interest of national security. 


THE NATURE OF THE ACADEMIC PREPARATION IN 
SCIENCE OF WISCONSIN HIGH SCHOOL TEACHERS 
OF PHYSICS, CHEMISTRY, BIOLOGY, AND 
GENERAL SCIENCE 


Mitton O. PELLA 


School of Education, University of Wisconsin, Madison, Wisconsin 


INTRODUCTION 


Tt has long been acknowledged that the 

high school and college teacher of sci- 
ence holds the key to the numerous and 
varied natural resources of the universe 
from which the needs of life and the future 
scientists, engineers, doctors, nurses, and 
science teachers are fashioned. The teacher’s 
influence stems from his knowledge of the 
subject taught, the facilities available for 
teaching, and his method of teaching. 

Many studies have been made in the past 
years concerning the first major require- 
ment for successful teaching, academic 
preparation [1, 2, 3, and 4]. 

In most of the studies it states that 
teachers of science are inadequately pre- 
pared in the knowledge of their subject. 
Remarks to the effect that “many United 
States high school students are taking their 


mathematics and scientific training from 
teachers who are not even qualified to teach 
these subjects” have been made. It seems 
difficult to accept this statement without an 
agreed upon definition of what constitutes 
adequate preparation. The definitions are 
varied and based only upon opinion. 

The concern of this study is not with the 
adequacy of the preparation but rather upon 
the nature of the academic preparation of 
the science teacher in Wisconsin. 

Knowledge of the subject matter of an 
area is difficult to determine. Specialists 
in the subject matter areas of science place 
considerable importance on the number of 
college credits earned by the individual 
teacher. Although this seems to possess a 
degree of validity, there is little doubt of 
the existence of a quality factor as well as 
a time factor. 
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This study is divided into four parts : The 
academic preparation in science and mathe- 
matics of teachers of physics ; The academic 
preparation in science and mathematics of 
teachers of biology ; The academic prepara- 
tion in science and mathematics of teachers 
of chemistry; and The academic prepara- 
tion in science and mathematics of teachers 
of general science. 


PROCEDURE 


1. The names of the teachers teaching 
the several science classes in the high 
schools of Wisconsin and the colleges that 
granted them degrees were extracted from 
reports submitted by the school districts in 
Wisconsin to the State Department of 
Public Instruction during the 1955-56 and 
1956-57. 

2. The colleges granting these teachers 
degrees were contacted and transcripts of 
each individual’s college work secured. 
Only those individuals on whom complete 
records were available were included in 
the study. Although some individuals had 
earned the Masters Degree, this factor was 
ignored. All teachers in the study had 
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earned the Bachelors Degree. The credits 
accumulated in working toward advanced 
degrees were included in the data. 

3. The data were tabulated paying due 
cognizance to whether the teacher was a 
part time teacher of science or a full time 
teacher of science. A part time teacher 
of science is one who teaches some one 
or more science subjects as well as per- 
form some other duty in the school as: 
teacher of other academic area, coach, ad- 
ministrator, etc. A full time science teacher 
devotes all of his teaching time to the 
teaching of science. 

4. The data were tabulated according to 
the school size: 1-100, 101-200, 201-300, 
301-400, 401-500, 501-750, 751-1000, 
1001-1250, 1251-1500, 1501-1750, 1751- 
2000, and 2001-up. 

5. The data tabulated were categorized in 
terms of the areas of science in which the 
teacher had collegiate preparation. This 
was done because of the division of the 
subject of science into departments as: 
physics, chemistry, biology, earth science, 
and health. In addition to science the aca- 
demic preparation in mathematics for each 
teacher was also noted. 


Part I 


THE NATURE OF THE ACADEMIC PREPARATION IN SCIENCE AND 
MATHEMATICS OF TEACHERS OF PHYSICS IN THE 
WIscoNnsIN HicH SCHOOLS 


PURPOSE OF THE STUDY 


To determine the nature and extent of 
the academic science and mathematics 
preparation of 258 teachers of physics in 
Wisconsin High Schools as represented by 
the college credits earned in science and 
mathematics. 


RESULTS 


1. Complete data were secured on 258 
teachers of physics; 163 taught physics and 
some non science subject (part time science 
teacher) and 95 taught physics and other 
science subjects (full time science teacher). 


2. Breadth of academic preparation in 
science. Table I is a summary of the find- 
ings concerning the number of science areas 
other than physics in which teachers of 


TABLE I 
NuMBER OF ScIENCE AREAS OTHER THAN 
Puysics In WHICH TEACHERS OF PHysIcs 
Have ACADEMIC PREPARATION 


Part Time Full Time Total 


One area 4 l 5 
Two areas 20 6 26 
Three areas 61 35 96 
Four areas 58 34 92 
Five areas 20 19 39 

Total 163 95 258 
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physics have preparation. The areas in- 
cluded are: chemistry, biology, earth sci- 
ence, health and mathematics. 

It is noted that preparation is not lim- 
ited to the area of physics since no one 
has academic preparation only in 

You find that 227 or 88 per cent 
of the teachers of physics have some aca- 


teacher 
physics. 


demic preparation in three or more science 
areas other than physics if mathematics is 
included as a science. 

3. Academic preparation in 
(Table IT). 


physics 
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cent of the full time teachers of science that 
had earned 10 or more credits in physics. 

c. The teacher of physics has earned an 
average of 13.5 credits in physics if he is 
one of the 240 teachers who included it in 
his preparation. The part time teacher 
has an average of 13.3 credits and the full 
time teacher has an average of 13.7 credits 
in physics. 

d. It seems that as schools get larger the 
academic preparation in physics of the 
physics teacher increases slightly. 

The academic preparation in science of 


TABLE II 


NuMBER OF Puysics Crepirs EARNED BY PArtT TIME AND Futt Time ScrENCE TEACHERS TEACHING 
Puysics ARRANGED ACCORDING TO ScHOoL S1ZE IN WuHIcH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up _ Total 
PT FT PT .FT PT FT PT FT PT PE PE er PY PE Ps eT Pe ee UP ee 
1-100 3 l ee a Bt eae ‘x, os a. Se 28 0 
101-200 6 } oS a te © Cb Ae eee aS arr 47 8 
201-300 l 2 4 S° 4 2 UP eee ve ek 42 30 
301-400 2 Lo) SR Se ae oe Se z 21 10 
401-500 Ta eee et ee ee ee BS ink ] ees 5 10 
501-750 ] 1 ee oe oe ee : 2 l 1*(38) 12 il 
751-1000 aren tae oes Pere tae a Si Sed eae Pocke aT 
1001-1250 Re she aR! ht ee ee 2 1 1 1 6 
1251-1500 3 1 NA 0 4 

1 

1501-1750 ig i an mel ear z : ss 1 ..(48)* 1 6 
1751-2000 dee ee en 5 0 1 
2001 & Up a Va an ae ek Ge) be me, Meee ea Cone loey i $3 
Totals 13 § 4... 02-6 @ 8S et 7 ee i? eS 

18 4 41 116 43 17 10 7 2 258 

* Number of credits earned. 

An examination of the data in Table I] the 18 teachers with no physics background 


reveals the following : 

a. Collegiate preparation in physics is 
not included in the academic preparation of 
18 or 7 per cent of the 258 teachers of 
physics. These 18 teachers are divided as 
13 part time science teachers and 5 full 
time science teachers. With the exception 
of 2 teachers, all taught in schools with 
enrollments of 400 or less. 

b. The collegiate preparation of 75.5 
per cent of the teachers of physics includes 
10 or more semester credits in physics. A 
consideration of the part time teachers re- 
veals that 70.6 per cent had earned 10 or 
more credits as compared with 85.3 per 


is of interest. One of the teachers had 
some preparation in earth science and 
another had some preparation in health and 
biology. There were 8 who had some aca- 
demic preparation in three science areas 
but no physics. All 8 had chemistry, 6 had 
mathematics, 3 had health and 1 had earth 
science. Three more had background in 
four areas other than physics, which in- 
cluded mathematics, biology and earth sci- 
ence for all, while 2 
and 1 health. 

4. Academic preparation in chemistry 
(Table IIT). 


Chemistry is a part of the academic 


included chemistry 
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TABLE III 


NuMBeEr oF Credits IN CHEMISTRY EARNED BY Part-TIME AND FuLL-TIME TEACHERS OF SCIENCE, 
TEACHING Puysics ARRANGED AccorDING To ScHooL S1zE In WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 
PT FT PT FT PT FT PT FT 

1-100 4 Peo 5 eee 
101-200 - ee 7 a +5 
201-300 1 2 coe SS 3 ae 
301-400 3 ie ae WY ee 1 1 6 1 
401-500 Ke ee ee ee ee de 
501-750 os ey oe 4 l 3 3 
751-1000 2 a 1 
1001-1250 2 | A 
1251-1500 Se so ye ig as a ee 1 
1501-1750 52 pas Sarge l 2 
1751-2000 ~ Sa plat “Wetee hs oth ii Oi era 
2001 & Up 2% ci pk A ie ag ee | Ae 
Totals 13 ‘ese ££ DD § PSB 

17 4 28 105 


preparation of 241 or 93.4 per cent of the 
258 teachers of physics. The number of 
credits in chemistry varies greatly among 
those including the area; 1.6 per cent have 
1-4 credits and 2.5 per cent have 35 credits 
or more. It was found that 209 or 81 per 
cent of the teachers of physics have 10 or 
more credits in chemistry. If the physics 
teacher has some academic preparation in 
chemistry, he will have an average of 15.9 
credits. The full time teacher of science 
will have an average of 17.6 credits and the 


15-19 20-24 25-29 30-34 35&up_ Total 
PT FT PT FT PT FT PT FT PT FT PT FT 
1 : - 2s R sk ar ae 28 O 
8 . o 1 rs Fe tees 47 8 
(41) 
- 2» 8/3 4 1 1 3 2(42) 42 30 
pel 5 Ee ie deere 1 1(43) 21 10 
a? Wee Gos” le See 1(38) 5 10 
Ss 2°34 ] ] : 2? i 
(44) 
a a 2(51) 5 6 
2 os ae 7 i _/ 6 
1 re & l oh ea 0 4 
3 1 xe . l 6 
Oe ae ee ee “sf 0 l 
e et ee eae 1 i ae l 3 
19 23 21 13 6. 4 5 7 3 3 163 95 
42 34 10 12 6 258 


part time teacher will have an average of 
14.9 credits in chemistry. 

5. Academic preparation in 
(Table IV). 

There are 194 or 75.4 per cent of the 
258 teachers of physics who have some aca- 


biology 


demic preparation in biology. Again the 
extent of the background is varied, ranging 
from less than 5 credits to 51; however, 
78.4 per cent of the 194 teachers who 
studied biology have earned 10 or more 
this Those teachers of 


credits in area. 


TABLE IV 


NuMBER OF CREDITS IN 


Brotocgy EarNnep By PArt-TImME AND FULL-TIME TEACHERS OF SCIENCE 


TEACHING Puysics ARRANGED ACCORDING TO ScHOOoL S1zE IN Wuicn EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up Total 
PT FT PT FT PT ET PT PT PT FT PT FT PT FT PT FT PT FT PT FT 
1-100 eae ee we Ee 2 2 28 0 
101-200 16 i ee SS tS wae ee ae ee l = 47 8 
201-300 11 oo misg See) wee Oca? Ee a ws F 1(51) 42 30 
301-400 eR: ee SES A fs ee Po ie ie ee eee : 4 21 10 
401-500 3 “We re ta mes Se: Sa res BD ae ie er | De 5 10 
501-750 4 OE Pel Pee Sere feo Sh <e G) a ee. ND a aera 12 11 
751-1000 3 ae 1 = é. oe 1 on . 6 
1001-1250 bat ee | - ee 2 1(49) 1 6 
1251-1500 oe Bi ce, hel eal Ae 1 0 4 
1501-1750 ia Bi hay nae 3 2 ie 
1751-2000 eft ee a ee ee eS ee a be ek Ne 0 ji 
2001 & Up ie eee ee eee a ee Re ee Pee ere ae Pee ae 
Totals mn 2H Za raw ewe a we 67. 4 eo 

64 16 36 64 35 21 13 4 5 258 
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physics having biology as a part of their 
science preparation serving as part time 
teachers of science average 12.7 credits 
and full time teachers average 16.6 credits. 
The average for all teachers of physics hav- 
ing biology is 14.3 credits in biology. 

6. Academic preparation in earth science 
(Table V). 
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found in other science areas, however, it is 
found to be about 5.7 credits for both full 
and part time teachers when included at 
all. 
7. Academic 
(Table VI). 
Only 77 or 30.1 per cent of the teachers 


preparation im _ health 


of physics had courses in health and the 


TABLE V 


NuMBER OF CREDITS IN EARTH SCIENCE EARNED BY 


ParT-TIME AND FuLL-T1IME SCIENCE TEACHERS 


TEACHING Puysics ARRANGED AccorDING TO ScHOOL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 
PT FT PT FT PT FT PT 
1-100 11 ee. iC: Sree ae 
101-200 6 .. Ba ‘6. 2 2a 
201-300 “fH Hwa 2 4 % 
301-400 10 o> 2) Ee oe 
401-500 3 a Se paar 
501-750 6 a 2 ee 
751-1000 2 4: 2-8 
1001-1250 i. ee 
1251-1500 - l 2 1 
1501-1750 l 4 ] ] 
1751-2000 ee ie Beant, 
2001 & Up ] be e, 
Totals 6“. 4) 33 3 RM S'S 
104 85 46 14 


Earth science is included in the prepara- 
tion of 154 cr 60 per cent of the physics 
teachers. The number of credits earned 
in this area is somewhat lower than that 


15-19 20-24 25-29 30-34 35&up _ Total 


FT PT FT PT FT PT FT PT FT PT FT PT FT 


ae Ce i ee Eee ann es 28 0 
2 gh ane ai ee phe bw 47 8 
1 yee: Oar oer en? be 42 W 
21 10 

5 10 

l 12 11 

5 6 

: 

0 4 

oo 

l SF 
ae View ae * 1 a ek 163 95 
6 1 1 1 re 258 


number of credits earned by these teachers 
is very small, being an average of 4 credits. 

8. Academic preparatoin in mathematics 
(Table VII). 


TABLE VI 


Numrer or Crepits IN HEALTH EARNED BY PART-TIME AND FuLL-TiMeE ScIENCE TEACHERS TEACH- 
ING Puysics ARRANGED ACCoRDING TO SCHOOL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 
PT FT PT 

1-100 15 Ta, ee : ae 
101-200 36  @ ae 2 
201-300 2 2 eS ae ee ] 
301-400 16 a Oi are: eee 
401-500 4 eo 224 af 
501-750 11 ow Te 2 
751-1000 3 4 2. 
1001--1250 e & 2 
1251-1500 a 4 
1501-1750 1 6 
1751-2000 1 
2001 & Up 3 


Totals ae ee oe eee 
~ ee oe 1 


15-19 20-24 25-29 30-34 35&up_ Total 


. ET PT ET PT ET PT. FT PT ET eT FT PT ST PT eT. PT ee 


28 «(0 
47 8 
42 30 
21 +10 
5 10 
11 
6 
6 
4 
l 6 
6 3 
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163 95 
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TABL 
NUMBER OF CREDITS IN MATHEMATICS EARNED BY 
TEACHING Puysics ARRANGED ACCORDIN 
Nu 

School size 0 1-4 5-9 10-14 
PT FT PT FT PT FT PT FT P 

1-100 6 ie 2 

101-200 3 1 nee 

201-300 4 ¢ 4 3% 


_ 


5 
© 

ty u- 
, 


301-400 ss repos ae: ees 
401-500 “an ow: ohio ieee 
501-750 1 hi ree hoe 
751-1000 ‘a ] 

1001-1250 

1251-1500 

1501-1750 

1751-2000 Me Oe: reba cat Sipe 

2001 & Up “eo oe ete tare ee 
Totals 14 48 DA wD EM SB 

18 13 63 24 
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The situation with reference to mathe- 
matics is what one would expect since 
physics is a quantitative subject. Mathe- 
matics was included in the preparation of 
240 or 93 per cent of the 258 teachers of 
physics. Although there is a great range 
in the number of credits earned it is found 
that 68.3 per cent of those including mathe- 
matics have earned 10 credits or more in 
this area. The 240 teachers who included 
mathematics earned an average of 16.6 
credits in this area. The full time teacher 
earned 12.7 credits in mathematics as com- 
pared to 18.8 credits by the part time 
teacher. This is to be expected ‘since 41 
per cent of the physics classes in Wisconsin 
are taught by teachers who also teach 
mathematics [5]. 


TotaL ACADEMIC PREPARATION IN 
ScieENcE (Table VIII). 


When the science credits earned by the 
teacher of physics are totaled as in Table 
VIII the following are revealed: 

1. The median number of credits in sci- 
ence earned by the teacher of physics is 42. 
The median for the part time science 
teacher is 38 credits and for the full time 
science teacher 47 credits. 

2. Seventy-five per cent of the teachers 
of physics have 32 or more credits in sci- 
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E VII 

Part-TIME AND FULi-Time ScieNCE TEACHERS 
G To ScnHoot Size In Wuicu EMPLoyeD 
mber of Credits 


15-19 20-24 25-29 30-34 35&up_ Total 


Cy ee oy ee ey eg Ee UE is he Mo oe ob 
2 5 3 er > Tae 28 «(0 
8 l 7 l 4 eS ee 47 8 
9 = ie See ae ae ] l 42 Ww 
(47) 

_— | 5 l 21 10 
1 5 ] l 2 l ai 5 10 
i oe a a ] 2 l 12 11 
7, oe Dts 2 oa 5 6 

l l 1 6 

2 ] sia 0 4 

1 ] ] ] = * 

0 ] 

, 2 3% 1 3 
os ZW 8 Zi 418 1 §..«3 163 95 

54 35 25 19 7 258 


ence. The part time teacher has, in 75 per 
cent of the cases, 30 or more credits and 
the full time teacher has 41 or more credits 
in science exclusive of mathematics. 

3. The mean number of credits in sci- 
ence earned by the teacher of physics is 
46.9. The mean for the part time teacher 
is 37.7 credits and for the full time teacher 
is 48 credits. 

4. If the credits in mathematics earned 
by the teachers are added to the science 
credits it is found that the part time 
teacher of science teaching physics has an 
average of 54.9 credits and the full time 
science teacher has an average of 60.2 
credits in these areas. 


SUM MARY 

1. None of the 258 teachers of physics 
has academic preparation in only physics, 
if mathematics is included as a science. 

2. Academic preparation in physics is 
included by 93 per cent of the teachers of 
physics. 

3. There are 10 or more credits in 
physics included in the academic prepara- 
tion of 75 per cent of the teachers of 
physics. 

4. The range for those teachers having 
some academic preparation in physics is 
from 3 to 48 credits. 
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5. The average number of credits in 
physics earned by the teacher of physics is 
13.5. The part time teacher has 13.3 
credits and the full time teacher has 13.7 
credits in physics. 

6. Chemistry is included in the prepara- 
tion of 93 per cent of the 258 teachers of 
physics. For those including chemistry 
the range is from 3 to 51 credits and the 
average for the group is 15.9 credits. The 
part time teacher has 14.9 credits and the 
full time teacher has 17.6 credits in chem- 
istry. 

7. Biology is included in the academic 
preparation of 75 per cent of the teachers 
ef physics. The range in the number of 
credits for those including it is from 5 to 51 
credits and the average for the group is 
14.3 credits. The average for the part time 
teachers including this area is 12.7 credits 
and for the full time teacher 16.6 credits. 

8. Earth science is included in the aca- 
demic preparation of 60 per cent of the 
teachers of physics. The range for those 
including this area is from 2 to 31 credits 
and the average is 5.7 credits for both the 
full and part time teacher. 

9. Courses in health are included in the 
preparation of 30 per cent of the teachers 
of physics. The range for those including 
the area is from 2 to 10 credits and the 
average is 4 credits. 

10. Mathematics is included in the 
preparation of 93 per cent of the teachers 
of physics. The range for those includ- 
ing the area is from 3 to 47 credits and 
the average is 16.6 credits. The part time 
teacher who has studied mathematics has 
an average of 18.8 credits and the full time 
teacher has 12.7 credits in mathematics. 

11. The median number of credits in 
science exclusive of mathematics earned 
by the teacher of physics is 38 if he is a 
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part time teacher of science and 47 if he 
is a full time teacher of science teaching 
physics. The median number earned by 
all teachers of physics is 42 credits. 

12. The range in the number of credits 
in science exclusive of mathematics earned 
hy teachers of physics is from 5 to 75 for 
the part time science teacher and from 
16 to 85 for the full time science teacher. 

13. The mean number of credits in sci- 
ence exclusive of mathematics earned by 
the physics teacher is 46.9. The part time 
teacher has earned an average of 37.7 
credits and the full time teacher has earned 
an average of 48 credits. 


CONCLUSIONS 


1. The average high school science 
teacher teaching physics has a broad back- 
ground in science and some preparation in 
mathematics. 

2. The teacher of physics has had an 
average of 13.5 semester credits in col- 
lege physics. 

3. The full time teacher of science 
teaching physics has had more extensive 
academic preparation in science than has 
the part time teacher of science teaching 
physics. 

4. The part time teacher of science 
teaching physics has slightly better aca- 
demic preparation in mathematics than the 
full time science teacher teaching physics. 

5. Schools with more than 300 pupils 
enrolled generally have teachers who are 
slightly better prepared academically in 
physics and in the broad area of science. 

6. It seems that the average teacher of 
physics has spent credit time equivalent 
to about one half of a baccalaureate degree 
studying science and mathematics (Part 
time 54.9 credits—Full time 60.2 credits). 
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Part II 


THE NATURE OF THE ACADEMIC PREPARATION IN SCIENCE AND 
MATHEMATICS OF TEACHERS OF BIOLOGY IN 
WISCONSIN HiGH SCHOOLS 


PURPOSE OF THE STUDY 


To determine the nature and extent of 
the academic science and mathematics 
preparation of 367 teachers of biology in 
Wisconsin high schools as represented by 
the college credits earned in science and 
mathematics. 


RESULTS 


1. Complete data were secured on 367 
teachers of biology; 238 taught biology 
and some non-science area (part time 
science teachers) and 129 taught biology 
and other science areas (full time science 
teachers ). 

2. Breadth of academic preparation in 
Science. Table IX is a summary of the 
findings concerning the number of science 
areas in which teachers of biology have 
preparation excluding biology. The areas 
included are: chemistry, physics, earth 


science, health and mathematics. 


TABLE IX 


NUMBER OF ScIENCE AREAS OTHER THAN 
BioLoGy IN WuicH TEACHERS OF 
Brotocgy Have AcApEMK 

PREPARATION ; 


Part Time Full Time Total 


One area 29 5 34 
Two areas 54 22 76 
Three areas 70 37 107 
Four areas 65 43 108 
Five areas 20 22 42 

Total 238 129 367 


All 367 of the teachers of biology in- 
cluded academic preparation in one or more 
areas other than biology and 70 per cent 
of the teachers included preparation in 3 or 
more of the areas. 

3. Academic preparation in_ biology 


(Table X). 


Examination of the data in Table X 
reveals the following: 

1. Collegiate preparation in biology is 
absent from the backgrounds of 8 or 2.2 
per cent of the teachers of biology. 

2. The collegiate preparation of 311 or 


85 per cent of the teachers of biology in 


cludes 10 or more credits in biolos 


gy; this 
total includes 195 or 82 per cent of the 
part time teachers and 116 or 90 per cent 
of the full time teachers of science who 
teach biology. 

3. If the teacher of biology is one of the 
359 who have studied biology he will have 
an average of 20.5 credits in biology ; if he 
is a part time teacher in this group he will 
have an average of 17.6 credits and if he 
is a full time teacher he will have an averag« 


5 


25.9 credits in biology. 


+. It seems that the larger school is able 


to attract a biology teacher who has slightly 
better academic preparation in biology that 
the small school 

4. Academic pre paratioy a physi 
Table XI). 

Physics is included in the academic 
preparation of 218 or 59.4 per cent of the 
367 biology teachers, this total is com 
posed of 121 or 50.8 per cent of the part 
time teachers of science and 97 or 75.2 per 
cent of the full time teachers of science 
who teach biology. There are 112 or 51.4 
per cent of the biology teachers who have 
10 or more credits in physics. Among the 
121 part time teachers who have included 
physics there are 61 or 50.4 per cent, who 
have 10 or more credits in this area. Among 
the 197 full time teachers of science who 
have preparation in this area there are 51 
or 52.6 per cent who have 10 or more 
credits in physics. 


If a biology teacher has some academic 
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TABLE X 


NuMBER OF CREDITS IN BrioLoGy EARNED BY PART-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING BrotoGy ARRANGED AccorDING TO ScHooL S1zE IN WHicH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
PT FT PT FT PE FT PE FT PT FT PE Pr Pa es Pe eT h6PT PT OUT FT 
(39) 
(40) 
1-100 5 od ih det SORES EAE. tes: eo a ee ee kee oe ae 52 
(35) 
101-200 oe se eee 21 mM 1.°2. 47%. 3..5—8 Bae cae et. I 


or 


201-300 See OR) ZS een te 


eS pe oe Se ae 1(36)3(39) 47 23 
(40) 
(51) 
301-400 Be l or 2 1 6 1 . 2 2-8 3 3 1 2(37)4(35) 20 18 
(39) (51) 
(53) 
(58) 
401-500 a ar if , i a 3 1 3 1 1(36) re 
501-750 are ok Gk 1 4 1 l far BO. 5 1(40)1(37) 10 18 
751-1000 a aes ie l a 1 ] 2 1 ] l 3(38) 5 10 
(39) 
(42) 
1001-1250 em) See BASS Ser a OE > Bavee 2 1(38)3(44) 4 10 
(58) 
(87) 
1251-1500 at gs wk Pa ee 1 aa : ee he 1 (41)4(59) 1 11 
(44) (64) 
1501-1750 eT nar all! al a 1 2 1 2 mae) i 7 
(47) 
1751-2000 ee ee l 7. a Gh cen Si Bs a5 1 1(55)1(38) 3 4 
2001 & up eee 9 sae OE a ee (39)4(55) 4 9 
(39) (60) 
Totals 44@nen2353/7@t8t SSR SEA 2 ast ww 2 = 238 129 
8 16 32 78 65 51 54 26 37 367 


preparation in physics he will have earned an average of 9.7 credits and if a full time 
an average of 9.9 credits in that area; if teacher he will have earned an average of 
he is a part time teacher he will have earned 10.3 credits in physics. 


TABLE XI 


NuMBER OF CREDITS IN PuHysics EARNED BY Part-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING BrotoGy ARRANGED ACCORDING TO ScHOOL SIZE IN WuHicH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up Total 
PT FT PT FT PT ET PT FT PT EFT PT FT PE FT PT eT Pe ET OPT ES 
1-100 i | nee S308 Pe ee ea ae ee oe ee Le 
101-200 361 > 5) 2 ae 4 @ 1 2 OO eo 84 «il 
201-300 ; ee ee oe ee ee ee fe ee ee BP se) eee tear eilns ba oe ee 
301—400 es 1 B. liaey es a BD etn gt Bates au ewe 20 48 
401-500 ee Oa 1 1 - oe aie 7 8 
501-750 a oh Soe le Bee 6 age 10 18 
751-1000 , an Ss 2 @ ¥ 1 5 10 
1001-1250 ee Ee ee eS Re Oe ee 1 4 10 
1251-1500 l R. ten 3 3 4 nf l 11 
1501-1750 oh aos 2 2 2 l 7 
1751-2000 i ae 1 1 1 3 4 
2001 & up ae Creme Te Maem Ae eate. eee EN way ae. 4 9 
Totals 117 32 14 8 4 38 48 39 9 6 RB he oa ae Ge 

149 22 84 87 15 9 + 1 s 367 
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5. Academic preparation in chemistry 


(Table XII). 


ACADEMIC PREPARATION IN SCIENCE 


in 77.4 per cent of the cases and if | 
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1e is 


a full time science teacher he will have 


TABLE XII 


NUMBER OF CREDITS IN CHEMISTRY EARNED BY PART-TIME AND FuLL-TIME TEACHERS OF SCIENCE 


TEACHING 


BIoLoGy 


ARRANGED ACCORDING TO SCHOOI 


Size 1n Wuicu EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
Pi FT. OL PT PI PT PE FT PT FT PT FT PT.FT. PT FT PTET PT FT 
1-100 ee ee 2, Wie 2 eee: | Fe ee 
101-200 Mm ft Og See 26 2 ot -2 84 11 
201-300 oe cae we 9 3 2 7 eee aie + l 47 23 
301-400 ae te e s-m § 1 ' A i ] 0 18 
401-500 ] l fe th OF we oe l } ] 1 7 8 
501-750 ON ie ee ] ] ] cn ae ae 
751-1000 ; 2 ‘a Ls 6 1 1 . )- 3s BB 
1001-1250 ] l ] ae ae ee 2 ; 4 10 
1251-1500 : 3 2 2 2 1 ll 
1501-1750 1 l Aree 3 oe ote ; :, 1 7 
1751-2000 2 - ey es eee ie l ‘ Age 3s 4 
2001 & up 1 Sa ewe ese, ee a UR ae Ry xs 4 9 
Totals Reeiae OO SSB BWAB DM 9M 46 S$ 2 2 238 129 

74 9 54 153 38 19 10 7 3 367 
There are 293 or 79.8 per cent of the 10 or more credits in 80.4 per cent of 


367 teachers of biology who have some 
academic preparation in chemistry. This 
group is made up of 186 or 78.2 per cent 
of the part time teachers and 107 or 83 per 
cent of the full time teachers. 

If a teacher has included chemistry in 
his preparation it is found that in 78.5 
per cent of the cases he will have 10 or 
more credits. If he is a part time science 


the cases. 

The teachers of biology having chemistry 
as a part of their academic preparation have 
earned an average of 13.3 credits in chem- 
istry. The part time teachers of science 
have an average of 12.7 credits and the 
full time teachers of science have an aver- 
age of 14.4 credits in chemistry. 

6. Academic preparation in earth science 





teacher he will have 


10 or more credits 


(Table XIII). 


TABLE XIII 


NUMBER OF CREDITS IN EARTH ScIENCE EARNED BY PART-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING 


School size 


1-100 
101-200 
201-300 
301-400 
401-500 
501-750 
751-1000 

1001-1250 
1251-1500 
1501-1750 
1751-2000 
2001 & up 
Totals 


bh 


we & Dw Ww NI - 


un. 


ARRANGED ACCORDING TO SCHOOL S1zZE IN WHICH 


BIoLoGy 
0 1-4 5-9 
PT FT PT FT PT FT 
mec, Ge’ ac? Oe 
a i - a ey 
a ie. a ee 
S mm oro 2 
A ee fee ee 
=? oe ee Gee 
er vet sat eae 
- <a; 
a a 
Sh, hah 
Mas: Sie kenge: 
ee ae 
99 45 72 38 43 
144 110 68 


EMPLOYED 


Number of Credits 


10-14 15-19 20-24 25-29 30-34 35&up Total 
po fa Fs FC PE FT PI.FT PT FT PT ET Pr FT 
es kn 52 ea 
a l 2 ; ; - : 84 1! 
- a l oo ] 2rd, * ae 2 
= 2 ial l ] ee : ; 20 18 
aS l ] 7 8 
= s 3 l 10 18 
a 5 10 
1 1 4 10 
l 1 1] 
l 1 7 
+" 3 4 
1 i 4 g 
| i ie ae oe ee ee l ] 238 129 

27 7 + 6 ] 367 
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It is revealed in Table XIII that 223 or 
60.8 per cent of the 367 teachers of biology 


(part time 6.4 credits average—full time 
7 credits average). 

7. Academic preparation in health (Table 
XIV). 

Preparation in health is low when com- 
pared to the other areas. Only 175 or 47.7 


have some academic preparation in earth 
science ; 58.4 per cent if they are part time 
teachers of science and 65.1 per cent if they 
are full time teachers of science. 


TABLE XIV 


EARNED BY 
ARRANGED 


HEALTH 
BIioLocy 


NUMBER OF CREDITS IN 
TEACHING 


Part-TiIME AND FuLL-T1IME TEACHERS OF SCIENCE 
ACCORDING TO ScHOooL SIzE IN WHICH EMPLOYED 
Number of Credits 


School size 0 


1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up_ Total 

PT FET PT FT PT FT PT FT PT FT PT FT PIT FT PT FT PTF PT FI 

1-100 See’ | Cae Bias ere ee ey Re ag ee 8 me 52 , 
101-200 41 4 26 > a7 2 84 1] 
201-300 ob S 6 @ 1 >: A 47 23 
301-400 10 13 4 2 6 3 20 18 
401-500 Sz l pe ig Beech 7 8 
501-750 7: we .-wee e e ee 10 +18 
751-1000 ae ae 1 5 10 
1001-1250 ] € 2 »% ] ] 4 10 
1251-1500 car Me RO ee ee ae rete Re eee es ee =~ 1 11 
1501-1750 Dc I adn Se a eee Oe which ete pear ee 1 7 
1751-2000 a ae re Si hehe 3 4 
2001 & up i ioe: See ee as 1 4 9 
Totals 123 69 67 46 46 12 1 2 Sop See wee a ee ee rae: Me, 

192 113 58 3 | oa x re 52 367 


The teacher of biology who has some 
academic preparation in earth science will 
have an average of 6.7 credits in this area. 
It makes only a slight difference if he is a 
full time teacher or a part time teacher 


per cent of the 367 teachers of biology have 
any preparation in health and the average 
is 4.2 credits for those who include it at all. 

8. Academic preparation in mathematics 


(Table XV). 





TABLE XV 


NUMBER OF CREDITS IN MATHEMATICS EARNED BY PART-TIME AN FULL-TIME TEACHERS OF 
TEACHING BioLoGy ARRANGED ACCORDING TO ScHOoL SIZE IN WuicH EMPLOYED 


ScIENCE 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up _ Total 
PT FT. PT FT PT FT PT FT Pr PT Pit FT PE ES PE ST PEt 62 ee 
1-100 22 Si we ee tia Boca Beret eters f ci oes 
101-200 31 ee we ee A ck we ee ee ee 1(43).. 84 I 
201-300 y= oo, S26 oe ZS A Ae ee ee ee 47 23 
301-400 , ow 2 3 SS Sa ST 2S SSS 20 «(18 
401-500 a Sa Sie Sie is eke Od ea aes oe 
501-750 ae ee Se. ee ae y Rb gad ce 10 «18 
751-1000 ca A Oe ee a ee RR ee err >. 8 
1001-1250 1 3 ‘aa ao - 2 Lom 4 10 
1251-1500 6 2 asd be oe 1 ll 
1501-1750 i ate ie a me ] l 7 
1751-2000 a 1 .. = - 3 : 
2000 & up a i se a + 9 
Totals 93 34 2 19 G2 45 24 14 21 12 100 4«4«1~« «*«*' 1 238 129 

127 41 107 38 33 14 5 1 1 367 
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Mathematics is included in the academic 
preparation of 240 or 65.4 per cent of the 
367 biology teachers. Although the range 
in number of credits in mathematics is 
great only 38.3 per cent of the teachers of 
biology have earned 10 or more credits in 
this area. The average number of credits 
included by the 240 who have preparation 
in mathematics is 9.9. The part time 
teacher of science has earned 10.5 credits 
in mathematics and the full time teacher 
has earned 8.9 credits in this area. 

The following observations are made as 
a result of the study of Table XVI that in- 
cludes the total number of science credits 
earned by teachers of biology. 

1. The median number of credits in sci- 
ence earned by the teacher of biology is 
41; if he is a part time teacher the median 
is 36 credits and if he is a full time teacher 
it is 47 credits. 

2. Seventy-five per cent of the part time 
science teachers teaching biology have 27 
cr more credits in science and, 75 per cent 
of the full time science teachers teaching 
biology have 38 or more credits in science 
exclusive of mathematics. 

3. The mean number of credits in sci- 
ence earned by the 367 teachers of biology 
is 41.8; if he is a part time teacher he will 
have earned 37.9 credits and if he is a full 
time teacher he will have eafned 48.9 
credits. 

4. If the mathematics credits earned are 
added to the science credits it is found that 
the biology teacher has 48 credits in these 
areas; if he is a part time teacher he has 
44.3 credits and if he is a full time teacher 
he has earned 55.5 credits in these areas. 


SUMMARY 


1. None of the 367 teachers of biology 
had academic preparation in only biology 
it mathematics is included as a science. 

2. Ninety-seven and eight-tenths per 
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cent of teachers of biology had some aca- 
demic preparation in biology. 

3. Eighty-five per cent of the teachers 
of biology had 10 or more credits in biology. 

4. The range for those having some aca- 
demic preparation in biology is from 3 to 
87 credits. 

5. The average number of credits earned 
by a teacher of biology having some prepa- 
ration in that area is 20.5 credits: if he is 
a part time teacher he has an average of 
17.6 credits and if he is a full time teacher 
he has an average of 25.9 credits in biology. 

6. Physics is included in the academic 
preparation of 59.4 per cent of the 367 
biology teachers. For those having physics 
the range is from 3 to 30 credits and the 
average is 9.9 credits. If he is a part time 
science teacher he will have an average of 
%.7 credits and if he is a full time science 
teacher he will have an average of 10.3 
credits in physics. 

7. Chemistry is included in the academic 
preparation of 79.8 per cent of the 367 
nology teachers. The range for those 
having chemistry is from 3 to 36 credits 
and the average is 13.3 credits. The aver- 
age for part time teachers is 12.7 credits 
and for full time teachers 14.4 credits if 
present at all. 

8. Earth science is included in the prepa- 
ration of 60.8 per cent of the teachers of 
biology. The range for those including it 
is from 2 to 31 credits and the average is 
0.7 credits. 

9. Health is included in the academic 
preparation of 47.7 per cent of the teachers 
of biology. The range for those including 
it is from 2 to 15 credits and the average 
is 4.2 credits. 

10. Mathematics is included in the aca- 
demic preparation of 65.4 per cent of the 
367 teachers of biology. The range for 
those who have studied mathematics is 
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y 


18 


819 
40.95 


i 22 UP 
3130 


84 


N 


Total teachers 


PT totals 


8794 
36.95 
6400 
49.61 
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Ww 
a 


39 
39 


166 


41. 


187 
37 .40 


353 


35.30 


366 


1820 


38.85 


1687 
32.4 


29.25 
476 
2.89 


31.67 


N 
N 
wn 


37 .26 


PT averages 
FT totals 
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482 
48.2 


873 


1163 


wn 
w 
wm 


5 


25 


50.71 61. 


49.81 


8 


51 


46.28 


44 


718 
47 .87 


FT averages 
PT-FT totals 


194 


5 


93 


5 
45.¢ 


340 


48 .57 


394 


49. 


63 


5 
46.92 


684 
48 .86 


669 


44.60 


1186 


42. 


1692 


44. 


2983 
42.61 


5 


368 
38.79 


1687 
32.4 


41.40 


2 


25 


36 


53 


.T averages 


+ 
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from 3 to 43 credits and the average is 
9.9 credits. 


teachers is 10.5 credits and for full time 


The average for part time 


teachers 8.9 credits if included at all. 

11. The median number of credits in 
science exclusive of mathematics earned by 
the teacher of biology is 41; if he is a part 
time teacher he has earned 36 credits and 
if a full time teacher 47 credits. 

12. The range in number of credits in 
science exclusive of mathematics earned by 
teachers of biology is from 5 to 76 for the 
part time science teacher and from 7 to 
100 for full time science teachers. 

13. The mean number of credits, exclu- 
sive of mathematics earned by the biology 
teacher is 41.8. If he is a part time teacher 
he will have an average of 37.9 credits and 
if he is a full time teacher he will have an 
average of 48.9 credits. 


CONCLUSIONS 


1. The average high school science 
teacher teaching biology has a broad back- 
ground in science and in 65 per cent of 
the cases some preparation in mathematics. 

2. The average teacher of biology has 
earned approximately 20.5 semester credits 
in college biology. 

3. The full time science teacher teaching 
biology has more extensive academic prepa- 
ration in science than does the part time 
science teacher teaching biology. 

4. There seems to be only a slight rela- 
tionship between school size and the aca- 
demic preparation of the teacher of biology. 

5. It seems that the average teacher ‘of 
biology has spent credit time equivalent to 
48 semester hours in studying science and 
mathematics. The part time teacher has 
spent time equivalent to 44.3 semester hours 
and the full time teacher has spent time 
equivalent to 55.5 semester hours in these 
areas. 
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Part III 


THE NATURE OF THE ACADEMIC PREPARATION IN SCIENCE AND 
MATHEMATICS OF TEACHERS OF CHEMISTRY IN THE 
WISCONSIN HIGH SCHOOLS 


PURPOSE OF THE STUDY TABLE XVII 


To determine the nature and extent of NUMBER OF SCIENCE AREAS OTHER THAN 
| ail ie 7 | a Puysics IN WHICH TEACHERS OF CHEMISTRY 
the academic science and mathematics Have AcADEMIC PPEPARATION 


preparation of 261 teachers of chemistry 


: “a . : Part Time Full Time Total 
in Wisconsin high schools as represented 0 . : » 
$ - A ne area re) - / 

by the college credits earned in science and Two areas 28 5 33 
mathematics. Three areas 47 38 85 
Four areas 62 40 102 

RESULTS Five areas 17 17 34 

1. Complete data secured on 261 teachers Total 159 102 261 


of chemistry; 159 taught chemistry and 
some non-science subject (part time science 
teacher) and 102 taught chemistry and 
other science subjects (full time science 
teacher ). 

2. Breadth of academic preparation in 
science. Table XVII is a summary of the — 
findings concerning the number of science ‘ three or more science areas other than 
areas other than chemistry in which Chemistry if mathematics is included as a 
teachers of chemistry have preparation. science. 


The preparation of the chemistry teacher 
is broad as indicated from Table XVII. 
No one teacher has preparation only in 
chemistry and 221 or 84.7 per cent of the 


teachers have some academic preparation 


The areas included are: physics, biology, 3. Academic preparation in chemistry 
earth science, health and mathematics. (Table XVIII). 


TABLE XVIII 


NUMBER OF CHEMISTRY CREDITS EARNED BY PART-TIME AND FULL-TIME ScrENCE TEACHERS TEACH 
ING CHEMISTRY ARRANGED ACCORDING TO ScHOOL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT Fi 
1-100 2 ea 4 15 5 2 2 3 330 
101-200 3 1 10 i a a Se a a (36).. S29 
201-300 2 3 7 aes 2 2 Fs 8 ek Se @.t Bee 34 24 
(44) 
301-400 fat es ey te . 2. 2° 4. 23:-°2 2 2 Steen. 16 15 
(51) 
(57) 
401-500 fe Si age, ewe ae 1 i oh eS a weak 2 Bea 1(41) 5 10 
501-750 a a ee) a Ce a oe, a l 2(70) 8 15 
(40) 
751-1000 ae ee ee ee, | ee ee a a ee 1(43) 4 7 
1001-1250 bg ae oe cae ae OR ate sc. De BS Ma)>.2 4 
1251-1500 oe!) et ee oie eee eee ee! Me, ee te BD a is 0 § 
1501-1750 ci ME ak. utah ote | en ee Var ee tak ee eo 1(41) 1 4 
1751-2000 Se ae ere ame ee a Tg SO re a a are ig } *£ 
2001 & up ae ae ee ee eS ee ee Se eee fae eer 
Totals 4’ 2. 8 2a a aa se a 8 te DO 6 159 102 


10 2 25 S4+ 49 43 17 18 13 
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From Table XVIII you will note the 
following : 

a. Collegiate preparation in chemistry is 
absent from the backgrounds of 10 or 3.8 
per cent of the 261 teachers of. chemistry. 
There are 6 who are part time teachers 
Only 2 


and 4 who are full time teachers. 


ScIENCE EpUCATION 
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case of the part time teachers 81.8 per cent 
have 10 or more credits and in the case of 
the full time teacher 92.2 per cent have 10 
or more credits in chemistry. 

c. If the teacher of chemistry is one of 
the 251 who include some academic prepa- 
ration in chemistry he will have an average 


TABLE XIX 


NumBer oF Puysics Crepirs EARNED BY Part-TIME AND FuLt-Time ScIENCE TEACHERS 
TEACHING CHEMISTRY ARRANGED ACCORDING TO ScHooL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
PT FT PT FT PT FT PT FIT PIT FT PT FT PE FT PT Et OPE eT Ps FT 
1-100 7 + ae es ee 33 0 
101-200 7 4 as 2. wes. = Lh 52 9 
201-300 rs 6 6 % 15 2 ae ea “ 34 24 
301-400 ' 2:3 er ee CS See 1 Ka l ] 6 «<5 
401-500 gc | - 1 ae Te ae 3 1 a. ae 
501-750 ] eee wee Ye es oy a 1 8 15 
751-1000 ‘ 1 - a oe oe 1 l l 4 7 
1001-1250 2 1 1 + ica 1 s 3 8 
1251-1500 ~ l 2 ii ce 0 5 
1501-1750 Z 1 1 1 1 l 1 4 
1751-2000 Brey te oer or 1 0 
2001 & up = wae Be ey se ae ae ee ee Tee io i 2 5 
Totals 19 6 14 3 40 20 60 50 17 14 7 9 l 0 1 0 0 0 159 102 

25 17 60 110 31 16 1 | 0 


are found in schools with enrollments of 
300 or more. 

b. The collegiate preparation of 85.8 per 
cent of the teachers of chemistry includes 
10 or more credits in chemistry; in the 


of 18.5 credits in chemistry ; if he is a part 
time teacher he has 17.6 credits and if he 
is a full time teacher he has an average of 
19.8 credits. 

d. It seems that the size of the school 


TABLE XX 


NuMBER OF CREDITS IN BroLoGy EARNED BY PART-TIME AND FULL-TIME ScIENCE TEACHERS 
TEACHING CHEMISTRY ARRANGED ACCORDING TO SCHOOL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up Total 
PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT 

1-100 Ci a ee ae: os ee ee a a = - 33 «(0 
101-200 a a ‘Ss 2 4S Oo ee 2 | oe 52 9 
201-300 tak oe fot er Oe Se Re Ae Ay, te a 1 1(35) 34 24 
301-400 SES Wee Sees a oy el Te eee a 1(37)1(53) 16 15 
401-500 2 ae ike i i aa me eo ee me 5 ‘10 
501-750 eT ete SS a ee eS ey Ee 1 1 8 15 
751-1000 “Sree ee ae Ee far Bay 1 ‘fa 4 7 
1001-1250 bs 1 2 4 1 (49) 3 8 

(53) 
1251-1500 1 i 2 1(35) 0 5 
1501-1750 2 1 1 1 4 
1751-2000... “<3 = mr see ES. eg 
2001 & up “ae a eee a ere, SERA 1(38) 2 5 
Totals ZRMR SP 4B EBEHSABA TA en's ss 2 2's 6 159 102 
48 13 46 59 39 23 19 5 9 
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has little affect in attracting the teacher 5. Academic preparation in_ biology 

of chemistry who is better prepared in (Table XX). 

chemistry. Biology is included in the academic 
4. Academic preparation in physics preparation of 213 or 81.5 per cent of the 

(Table XIX). teachers of chemistry. The extent of the 


From Table XIX you note that 236 or preparation varies from 2 to 55 credits; 


90.4 per cent of the 261 teachers of chem- however, 72.7 per cent of the 213 teachers 


TABLE XXI 
NuMBER OF EartTH ScreENcE Crepits EARNED By PART-TIME AND FuLL-Time ScrENCE TEACHERS 
TEACHING CHEMISTRY ARRANGED ACCORDING TO ScHOooL S1zE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PTFT PT FT 
1-100 oe. - co SONGS res 1 : . : TS! 9 eae ea me 33 0 
101-200 mn. 3%... 3-4 l 2 1 2 Bl Fe hn ea ee 52 9 
201-300 £2 2 & 6 2 4 1 34 24 
301-400 - x eS ee Se ae 16 15 
401-500 3 6 1 BY 2, 3 1 es BS a ee eee é ve 5 10 
501-750 a ae aT ee ayaa wees ee oe zt 8 15 
751-1000 3 3 1 2 2 4 7 
1001-1250 ie 1 3 8 
1251-1500 oy 3 1 ] 0 5 
1501-1750 eee, OA Te ee ee Oe ee eee % By ] 4 
1751-2000 eee ee a a ee eT itr me eee Cu as 2 os oa 1 0 
2001 & up ] 3 1 er 1 i 2 5 
Totals ae Se hee 6 ee cee eS wee 159 102 

117 80 47 11 4 2 


istry have some academic preparation in who studied biology have earned 10 or 
physics. The number of credits in physics more credits in this area. The teacher of 
varies from 3 to 34 among those including chemistry has an average of 15.9 credits 
it and the average is 11.5 credits per in biology if he includes it at all; the part 
teacher. The full time teacher has an aver- time teacher has an average of 15.4 credits 
age of 12.3 credits and the part time teacher and the full time teacher has an average of 
has an average of 10 credits. 16.7 credits in biology. 


TABLE XXII 


NuMBER OF HEALTH CREDITS EARNED BY Part-TIME AND FULL-TIME SciENCE TEACHERS 
TEACHING CHEMISTRY ARRANGED AccorDING TO ScHooL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
PT ET PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT 
1-100 ce eo eee eee ee at Le Sek Goo tie! 98 dw tide oe ee 0 


101-200 eae ee Bel BG Ble Seas ss bey igh Pkt NE aed OS “a a is 9 
201-300 i ee a Cee ee D cate ee Ser a ae ee ee e <a Se 
301-400 i. 2 ie: 1 16 15 
401-500 es Oe) a? 5 10 
501-750 i a aoe 2 8 15 
751-1000 > a 1 + has 4 7 
1001-1250 a A ie SEL). Se ee 3 8 
1251-1500 ee 1 0 5 
1501-1750 ao Us an AR ee ae i tee Nps win! vad nie - l + 
1751-2000 We TE ce gn One ee nee © ee l 0 
2001 & up a Sr ‘3 2 5 
Totals meABaA Bb 6 8 1 159 102 


178 63 19 1 se 
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6. Academic preparation in earth science 
(Table XXI). 

Earth science is included in the academic 
preparation of 144 or 55.2 per cent of the 
teachers of chemistry. The average num- 
ber of credits earned in earth science is 5.3; 
if the teacher is a part time teacher he has 
an average of 5.5 credits and if he is a full 
time teacher he has an average of 5.1 credits 
if he includes it at all. 

7. Academic preparation in health (Table 
XXII). 

Only 83 or 31.8 per cent of the 261 
teachers of chemistry include courses in 
health in their academic preparation in sci- 
ence. The average number of credits earned 
in this area is 3.6. 

8. Academic preparation in mathematics 
(Table XXIIT). 

Mathematics is included in the academic 
preparation of 231 or 88.5 per cent of the 
261 teachers of chemistry, however, the 


range in the credits earned is great. If 
the teacher of chemistry is one of the 231 
who includes mathematics in his prepara- 
tion he has an average of 13.7 credits in 
mathematics. The part time teacher has 
an average 15.3 credits and the full time 


teacher has an average of 11.6 credits in 


TABLE 


NUMBER OF MATHEMATICS CREDITS 
TEACHING CHEMISTRY 


ScIENCE EDUCATION 


EARNED BY 


[Vor. 42, No. 2 
mathematics. It is noted that the part time 
teacher of science teaching chemistry has 
slightly better academic preparation in 
mathematics than does the full time teacher 
Only 107 
or 46.3 per cent of the teachers of chemistry 


10 or 


of science teaching chemistry. 


have more credits in mathematics. 


TOTAL ACADEMIC PREPARATION 


(TABLE XXIV) 


IN SCIENCE 


When the science credits earned by the 
teacher of chemistry are totaled as in Table 
XXIV the following are revealed: 

1. The 


science earned by the teacher of chemistry 


median number of credits in 


is 44; if he is a part time science teacher 
the median is 40 credits and if he is a full 
time science teacher the median is 47 
credits. 

2. Seventy-five per cent of the teachers 
of chemistry have 34 or more credits in 
science. The part time teacher of science 
has, in 75 per cent of the cases, 30 or more 
credits and the full time teacher of science 
has, in 75 per cent of the cases, 40 or more 
credits in science exclusive of mathematics. 
3. The mean number of credits earned 
in science by the teacher of chemistry is 
43.3. The mean for the part time teacher 


XXIII 


Part-TIME AND FULL-TIME SCIENCE TEACHERS 
ARRANGED ACCORDING TO SCHOOL S1z! 


IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT Fi PT FT PT FT 
1-100 8 2 13 ] D ees Oia: 2 aa as 9 
101-200 12 2 2 t 5 6 3 l 4 ] 7 3 2(35) oe 
(39) 
201-300 ae. 3 ; »S 3 3 ae ee 1 1 2(37) 34 24 
(47) 
301-400 Te ] 2 2 S <2 l 6.4 1 3 ] 16°15 
401-500 l l : ee ] | a cee d | 5 10 
501-750 2 l 7 1 4 1 3 ae 4 5 
751-1000 sh, —< dre” a. Cae l we a 1 a 
1001-1250 * By oo wee 1 ee l er 1 l a oe 
1251-1500 cs Wee eis. | 2 to oa 
EL RIS A Se * 1 = ‘” 
1751-2000 era ee 4 7 l 0 
2001 & up ree mae! aks el ree eee ee Te fr > 2 05 
Totals 27 S$ SBMA A BHA Be Oo uM. 7 1 2 2 159 102 
30 22 82 27 42 29 17 8 4 
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of science is 40.1 credits and for the full 
time teacher of science 48.1 credits. 

4. If the credits in mathematics earned 
by the teacher of chemistry are added to 
the found that the 
part time teacher teaching chemistry has 
an average of 52.8 credits and the full time 
science 59.4 


science credits it is 


teacher has an average of 


credits in these areas. 


SUMMARY 


1. None of the 261 teachers of chemistry 
has academic preparation in only chemistry 
if mathematics is included as a science. 

2. Academic preparation in chemistry is 
included by 96.2 per cent of the teachers of 
chemistry. 

3. The collegiate preparation of 85.8 per 
cent of the teachers of chemistry includes 
10 or more credits in chemistry. 

4. The range for those having some aca- 
demic preparation in chemistry is from 3 
to 70 credits. 

5. The credits in 
chemistry earned by the teacher of chem- 


average number of 
istry if he has included it in his prepara- 
18.5. The part time teacher has 
17.6 credits and the full time science teacher 


tion is 


has 19.8 credits as an average. 

6. Physics is included in the academic 
preparation of 90.4 per cent of the teachers 
cf chemistry. The range for those includ- 
ing this area is from 3 to 34 credits and 
the average for the group is 11.5 credits. 
The average for the part time teacher is 10 
credits and for the full time science teacher 
is 12.3 credits if included at all by either 
group. 

7. Biology is included in the academic 
preparation of 81.5 per cent of the teachers 
of chemistry. The range in the number of 
credits earned by those including it is from 
2 to 55 credits. The average for the part 
time teachers of science is 15.4 credits and 
16.7 credits. 
The average for the entire group of teachers 
of chemistry 15.9 


for the full time teachers is 


including biology is 
credits. 


8. Earth science is included in the aca- 


ACADEMIC PREPARATION 
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demic preparation of 55 per cent of the 


teachers of chemistry. The range is from 


2 to 24. credits and the average is 5.3 
credits. 
9, Health courses are included in the 


preparation of 31.8 per cent of the teachers 
The number of 
credits earned by those including this area 
is 3.6. 


10. Mathematics is included in the aca- 


of chemistry. average 


demic preparation of 88.5 per cent of the 
teachers of chemistry and the range for 
those including it is from 3 to 47 credits. 
The average number of credits earned is 
13.7; 


teaching 


if he is a part time science teacher 
the 
and if he is a 


chemistry average is 15.3 


full 


teacher he has an average of 11.6 credits if 


credits time science 
he includes mathematics in his preparation. 

11. The median number of credits in sci 
ence exclusive of mathematics earned by 
The 
for the part time teachers is 40 and for the 
full time teachers is 47. 


the teacher of chemistry is 44. median 


12. The range in the number of credits 


exclusive of mathematics earned by the 
teachers of chemistry is from 5 to 84 for 
part time teachers and from 15 to 94 for 
full time teachers of science. 


13. The mean number of credits in sci 


ence exclusive of mathematics earned by 


the physics teacher is 43.3. The mean for 
the part time science teacher is 40.1 credits 
and for the full time science teacher 48.1 


credits. 


CONCLUSIONS 


1. The average high school teacher of 
science teaching chemistry has broad prepa- 
ration in science and some preparation in 
mathematics. 

2. The average teacher of chemistry has 
an average of 18.5 credits of chemistry in 
his academic preparation. 

3. The full time teacher of science teach- 
had 


preparation in science than has the part 


ing chemistry has more extensive 


time teacher of science teaching chemistry. 


4. The part time teacher of science teach- 
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ing chemistry has slightly better academic chemistry and in the broad area of science. 
preparation in mathematics than the full 6. It seems that the average teacher of 
time teacher of science teaching chemistry. chemistry has spent time equivalent to 

5. Schools with more than 200 pupils about one half of a baccalaureate degree 
enrolled generally have teachers who are studying science and mathematics (Part 
slightly better prepared academically in time 52.8 credits—Full time 59.4 credits). 





Part IV 


THE NATURE OF THE ACADEMIC PREPARATION IN SCIENCE AND 
MATHEMATICS OF TEACHERS OF GENERAL SCIENCE IN THE 
WIscoNSIN HicH SCHOOLS 


PURPOSE OF THE STUDY which teachers of general science have 
preparation is given in Table XXV. The 
areas included are: physics, chemistry, bi- 
ology, earth science, health and mathe- 


To determine the nature and extent of 
the academic science and mathematics 
preparation of 407 teachers of general sci- 
ence in Wisconsin high schools as repre- 
sented by the college credits earned in 


matics. 
From Table XXV it is noted that all 


quienes coil ‘aitestinn of the teachers of general science have 
RESULTS TABLE XXV 
NUMBER OF SCIENCE AREAS IN WHICH TEACHERS 
1. Complete data were secured on 407 or GENERAL SCIENCE HAvE ACADEMIC 
teachers of general science; 284 taught PREPARATION 
general science and some non-science sub- Part Time Full Time Total 
ject (part time science teacher) and 123 oe area - : P 
taught general science and other science + tayo ll 45 15 60 
subjects (full time science teacher). Four areas 101 41 142 
2. Breadth of academic preparation in Five areas 87 44 131 
science. A summary of the data with refer- oe arene hid Bead nex 
ence to the number of science areas in Total 284 123 407 


TABLE XXVI 


NUMBER OF CREDITS IN Puysics EARNED BY PART-TIME AND FuLL-TIME TEACHERS OF SCIENCE 
TEACHING GENERAL SCIENCE ARRANGED ACCORDING TO SCHOOL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up _ Total 
PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT 

1-100 Sa toe) meee Oe Me Reh ety Pei A Re |= te 
101-200 2 oe ae oo ee Te ee a a Cee 
201-300 ier ee et a ee es ee eee ne 
301-400 10 2 SS eee a a Se Oe ye ek 
401-500 2 4 ff & = Bee 1 Vere 
501-750 5 4 ‘to a ae SON eee See ey ee Oe 
751-1000 ee ae ee a eee Oe ee ‘= SE ae ee 
1001-1250 3 > 2: §. 2 EA ae a eee 
1251-1500 ,-4 _ 2 _ 
1501-1750 1 1 ioe a oe 
1751-2000 1 on Bs ee 
2001 & up , 2 ee - = wh er ae 1(40).. 2 5 
Totals 78 19 7 4 94 25 67 53 18 15 11 5 4 I = .. 284 123 


97 1 19 120 33 ae Tee 2 407 
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some preparation in science; 5 or 1.2 per 
cent are prepared in one area, 376 or 92.4 
per cent have preparation in three or more 
areas, and 43 or 10.6 per cent have prepa- 
ration in all six areas. 

The preparation of the 5 teachers with 
only one area of preparation is of interest ; 
one has chemistry, one has physics, one has 
mathematics and two have biology. 

3. Academic preparation in_ physics 
(Table XXVI). 

Physics is included in the academic 
preparation of 310 or 76.2 per cent of the 
teachers of general science; 72.5 per cent 
of the part time science teachers and 84.6 
per cent of the full time teachers. 

It is noted that 180 or 58 per cent of the 
310 teachers who include physics in their 
preparation have 10 or more credits in 
the area; in the case of the part time 
science teachers 51 per cent have 10 or 
more credits and in the case of the full time 
science teachers 72.1 per cent have 10 or 
more credits in physics. 

The mean number of credits in physics 
for the 310 teachers of general science hav- 
ing physics is 11.5; the mean for the part 
time teachers is 11.2 credits and for the 
full time teacher is 12 credits. 


TABLE 
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4. Academic preparation in chemistry 
(Table XXVII). 

Chemistry is included in the training of 
357 or 87.7 per cent of the 407 teachers 
of general science; 84.1 per cent of the 
part time teachers and 96 per cent of the 
full time teachers. 

There are 273 or 76.5 per cent of the 
357 teachers including chemistry who have 
10 or more credits in the area. These are 
divided as 181 or 75.7 per cent of the 239 
part time science teachers and 92 or 78 per 
cent of the 118 full time science teachers 
who include this area. 

Those teachers of general science having 
chemistry as a part of their academic prepa- 
ration have an average of 14.3 credits in 
chemistry, if a part time teacher of science 
he has an average of 13.5 credits and if a 
full time teacher of science he has 16.1 
credits in chemistry. 

5. Academic preparation in _ biology 
(Table XXVIII). 

There are 351 or 86.2 per cent of the 
teachers of general science who have aca- 
demic preparation in biology and these 
teachers have an average of 15.1 credits 
in the area. The part time teachers of 
science teaching general science have an 


XXVII 


NUMBER OF CREDITS IN CHEMISTRY EARNED BY PART-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING GENERAL SCIENCE ARRANGED ACCORDING TO SCHOOL S1zE IN WuicH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35 & up Total 
Pt Fi PT PT PE PE Ps PT PE PT PT ET PT FT PT ET «2PT FT «OPT OFT 

1-100 ene 2 ee oe ie BS ie Sees ae 2 a 54. COs 
101-200 2 oe en ae See Oo ee Ee ee oe ee oe 1(36) . 94 20 
201-300 = 3 ees oe a 2 a 3 l 3 2 52 25 
301-400 5 1 l ‘gar Fe Se > ve A oe 2 6 20a vs 30 «16 

(37) 

401-500 3 ] aa oe 1 2 ; ee ae ] ] 1(44)1(41) 14 11 
501-750 i Be 2 ee ae ae Se oe I gg! Ce 1(40) 17 18 
751-1000 3 oe 2 1 3 1 ] aie Y ie 11 10 
1001-1250 a ee ee a Ga ae l 1 Zz -t bs ne 1(37) 4 11 
1251-1500 1 1 eee > a 3 de ae 2 = 
1501-1750 1 ae a 3 
1751-2000 Dard geass clases Gunte aaae ies l as DP - 
2001 & up ae Peewee ae? oe ee eS Sees, ium 2s 
Totals o, 3», @.2 2 wie ww ts uM ST S$ C8. 4 4 284 123 

50 14 70 157 49 29 12 18 s 407 
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TABLE XXVIII 


NuMBER OF CREDITS IN BroLtocy EARNED BY PArt-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING GENERAL SCIENCE ARRANGED ACCORDING TO ScHooL SIZE IN WHICH EMPLOYED 


Number of Credits 


School size 0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35&up _ Total 
PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT PT FT 
1-100 oo} | SE eee 8 Ore ee ee eee ee 
(39) 
(40) 
101-200 6° 3°95 Cm te i 2 2 3 2 2s 7) eee. 2 
201-300 oR SS 4 ee eee Se Fr eee a a 1(39) 52 25 
301-400 a 2.3: 282 ee Pe = awe 2% 2(37)1(35) 30 16 
(42) 
401-500 3 ae Ae ee ee Oe 2 pag: heer inee a  e 
501-750 6°32 Oe 2 23 fe a2 s 1 1(40)1(49) 17 18 
751-1000 eee a fae ee jae ee et ee te ee ee Pas i =~ SE 2 
1001-1250 ee oe a eee ee ex i”, 3" 4 ll 
1251-1500 POE, pee we ty hee 1 2 4 
1501-1750 Fn de Ac WOR A ce EIN SS ce oe es 4 
1751-2000 si dareiomeg Bees (ate) Seba aap ba 
2001 & up Pe ne Bere Se ae 2 
Totals ai BoB Sae ww BH a eM eee ST 3 284 123 
56 46 53 94 58 36 36 18 10 407 


average of 14.6 credits and the full time 10 or more credits in the area; if they are 
teachers of science have an average of 16.2 part time teachers of science 59.3 per cent 
credits if the area is included in their have 10 or more credits’ and if they are 
preparation. There are 85.6 per cent of full time teachers of science 75 per cent 
the part time teachers of science and 87.8 have earned 10 or more credits. 


per cent of the full time teachers of science 6. Academic preparation in earth science 
who include biology in their preparation. (Table XXIX). 
The extent of the preparation is noted Earth science is included in the academic 


from the fact that 71.8 per cent of the 351 preparation of 227 or 55.8 per cent of the 
teachers who include biology have earned 407 teachers of general science; this in- 


TABLE XXIX 


NUMBER OF CREDITS IN EARTH SCIENCE EARNED BY PART-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING GENERAL SCIENCE ARRANGED ACCORDING TO SCHOOL SIZE IN WHICH EMPLOYED 
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cludes 53.9 per cent of the part time 
teachers and 60.2 per cent of the full time 
teachers who make up the 227. The aver- 
age number of credits earned by these 
teachers is 6. 

7. Academic preparation in health (Table 
XXX). 

Only 186 or 45.7 per cent of the 407 
teachers of general science have had courses 
in health and these 186 teachers have taken 
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per cent of the full time science teachers 
who teach general science. The average 
number of credits earned in this area is 
4.5; the part time teacher has an average 
of 4.8 credits and the full time teacher 3.8 
credits if the area is included by the 
teacher in his academic preparation. 

8. Academic preparation in mathematics 
(Table XXXI). 


Mathematics is included by the teacher 


TABLE XXX 


NUMBER OF CREDITS IN HEALTH EARNED BY 


Part-TIME AND FuLL-TIME TEACHERS OF SCIENCE 
TEACHING GENERAL SCIENCE AKRANGED AccorRDING TO ScHOOL SIZE IN WHICH EMPLOYED 


Number of Credits 
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Included in 
this number are 139 or 48.9 per cent of the 
part time science teachers and 47 or 38.2 


an average of 4.5 credits each. 


O 


of general science in 292 or 71.7 per cent 


the 407 cases and the average number 


_ 


credits included by these teachers is 13.1 


TABLE XXXI 


NUMBER OF CREDITS IN MATHEMATICS EARNED BY PART-TIME AND FULL-TIME TEACHERS OF SCIENCE 
TEACHING GENERAL SCIENCE 


Number of Credits 
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Be credits. The total includes 189 or 66.5 per 
“SSSSRR : 
aceyyeSs: cent of the part time teachers and 103 or 
mae TOOMANA F , $ 
oo ‘ &3.8 per cent of the full time teachers. The 
part time teachers have an average of 14 
wi: cence credits in mathematics and the full time 
olga teachers an average of 11 credits in mathe- 
: Q 4 ‘= 9 c 3 g' Cc . c 
matics in their preparation if they have 
- studied mathematics at all. 
_ sa RRSS There are 62.9 per cent of the teachers 
of general science who have earned 10 or 
- more credits in college mathematics. 
omrsTN wy 
Oo MON: 
m2 aD =S 
TOTAL ACADEMIC PREPARATION IN SCIENCE 
id (TABLE XXXII) 
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z = 4 ence is 39; if he is a part time science 
= 26 teacher teaching general science the median 
5 S52425 score is 35 credits and if he is a full time 
ae | = . atl science teacher the score is 46 credits. 
Z Sssexce 2. Seventy-five per cent of the teachers 
es ie ees of general science have 27 or more credits 
< in science in their academic preparation. 
= FEO ms The difference in the backgrounds of the 
st ota“ande part and full time teachers is again of some 
ot ta wn oe significance; seventy-five per cent of the 
“i SSatex part time teachers of science teaching gen- 
lire gesehs eral science have 25 credits and seventy-five 
per cent of the full time teachers have 34 
p 2:2 & ZASLE B credits (exclusive of mathematics). 
a IP? VTS 3. The mean number of credits earned 
in science by the 407 general science 
“BShas % teachers is 38.5; if they are part time 
eo a “os teachers of science the mean is 36.1 credits 
and if they are full time teachers of science 
the mean is 44.2 credits. ; 
4. If the credits in mathematics earned 
by the teacher of general science are added 
o to the science credits it is found that the 
g 2 3 part time teacher of science teaching general 
mane $2 eS 2 eS & science has an average of 45.38 credits in 
ee Z 3 & i science and mathematics and the full time 
i a to , fy teacher has 53.41 credits in these areas. 
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SUMMARY 


1. All except one of the teachers of gen- 
eral science have some preparation in sci- 
ence, however, the nature and extent of the 
preparation varies greatly, 92.4 per cent of 
the teachers have some preparation in three 
or more of the science areas. 

2. Academic preparation in physics is 
included by 76.2 per cent of the teachers 
ef general science. The range for those 
including physics is from 3 to 40 credits 
and an average of 11.5 credits per teacher. 

3. Academic preparation in chemistry is 
included by 87.7 per cent of the teachers 
of general science. The range for those 
including chemistry is from 3 to 59 credits 
and the average is 14.3 credits per teacher. 

4. Academic preparation in biology is 
included by 86.2 per cent of the teachers 
of general science. The range for those 
including biology is from 3 to 49 credits 
with an average of 15.1 credits per teacher. 

5. Academic preparation in earth science 
is included by 55.8 per cent of the teachers 
of general science. The range for those 
including earth science is from 2 to 29 
credits with an average of 6 credits per 
teacher. 

6. Academic preparation in health is in- 
cluded by 45.7 per cent of the teachers of 
general science. The range for those in- 
cluding health is from 2 to 23 credits and 
an average of 4.5 credits per teacher. 

7. Academic preparation in mathematics 
is included by 71.7 per cent of the teachers 
of general science. The range for those 
including mathematics is from 3 to 37 
credits and an average of 13.1 credits per 
teacher. 

8. The median number of credits in sci- 
ence earned by the teacher of general sci- 
ence is 39; for part time teachers of 
science the median is 35 credits and for 
full time teachers of science the median is 
46 credits. 

9. The range in the number of credits 
in science exclusive of mathematics earned 
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by teachers of general science ranges from 
0 to 84 credits for part time teachers of 
science and from 12 to 73 credits for full 
time teachers of science teaching general 
science. 

10. The mean number of credits in sci- 
ence exclusive of mathematics earned by 
teachers of general science is 38.5. For 
part time science teachers the mean is 36.1 
and for full time science teachers 44.2 
credits. 


CONCLUSIONS 


1. The average high school teacher of sci- 
ence teaching general science has a broad 
academic background in science and some 
preparation in mathematics. 

2. The average teacher of general sci- 
ence has 38.5 credits in science. 

3. The full time teacher of science teach- 
ing general science has more extensive 
academic preparation in science than the 
part time teacher of science teaching general 
science. 

4. It seems that no one size school at- 
tracts the best prepared teacher of general 
science. 

5. It seems that the teacher of general 
science has spent credit time equivalent to 
from three eighths to five twelfths of a 
baccalaureate degree studying science and 
riathematics. 
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HOW CAN MODERN THEORIES OF ATOMIC STRUCTURE 
BE BEST PRESENTED TO A HIGH SCHOOL CLASS? 


JosepH L. SHOEMAKER 
Laboratory School, Colorado State College, Greeley, Colorado 


n August 6, 1945, a new term, “atomic 
O energy,” was suddenly added to the 
vocabularies of a great many persons. Since 
that date, it has become commonplace to 
read in newspapers and popular magazines 
such words as “atom,” “atomic bomb,” 
“atomic power,” “fission,” “nucleus,” 
“isotopes,” “H bomb,” “space satellite,” 
and others. Pupils at all grade levels, in- 
cluding the elementary school, have asked 
their teachers, “What is an atom?” and 
“How does an atomic bomb work?” Some 
adults have wondered about the same ques- 
tions but perhaps have had less opportunity 
to obtain answers. 

However, many attempts have been made 
to explain these new terms, along with at- 
tempted explanations of the structure of 
atoms and so-called “pictures” of atoms. 
For this purpose, even comic books have 
been prepared, in one of which Dagwood 
and the rest of the Bumstead family, in- 
cluding Daisy, “explored” an atom.? Units 
of study on atomic energy have become 
very popular, not only in science classes 
but also in social studies, and other subject 
matter fields. 

The result is that the general public has 
heard the words, “atomic age” mentioned so 
often that it is beginning to feel pretty well 
acquainted with “the atom.” Elementary 
school pupils can speak glibly of an atom 
composed of a nucleus containing protons 
and neutrons around which electrons are 
revolving in orbits. They can also explain 
atomic fission. Apparently an excellent job 
has been done in educating people about 
atoms and atomic energy. 

Some of these pupils may be a little dis- 
turbed, however, to find with further study 


1Dagwood Splits the Atom, King Features 
Syndicate, Educational Division, 1949. 


that everything is not as clear and simple 
as they thought. It turns out that the 
really up-to-date way of discussing atomic 
structure is in terms of something called 
“wave mechanics,” which has been as much 
ignored in some elementary college chem- 
istry courses as it has in the elementary 
school and all levels between. 

After attempting a little investigation 
into wave mechanics, one will understand 
why it has been ignored in popular descrip- 
tions of atomic structure. But one will 
not criticize the instructors and textbook 
writers for this omission. After all, an 
explanation is of no value if none of the 
listeners or readers can understand it. 

On the other hand, there is also some 
question about the value of an explanation 
which misleads the listener or reader into 
believing something which is only partly 
true. The model of atomic structure which 
is commonly presented is true to a certain 
extent. Its fault lies in the fact that it 
leads one to believe other things which are 
not true. 

The dilemma of those who attempt to 
discuss atomic structure in non-mathe- 
matical terms has been concisely described 
by Dr. Albert Einstein in some words writ- 
ten in the introduction to a book about the 
theory of relativity.” 

“Anyone who has ever tried to present a rather 
abstract scientific subject in a popular manner 
knows the great difficulties of such an attempt. 
Either he succeeds in being intelligible by con- 
cealing the core of the problem and by offering 
to the reader only superficial aspects or vague 
allusions, thus deceiving the reader by arousing 
in him the deceptive illusion of comprehension; 
or else he gives an expert account of the prob- 


lem, but in such a fashion that the untrained 
reader is unable to follow the exposition and 


2 Lincoln Barnett, The Universe and Dr. Ein- 
stein, William Sloan Associates, New York, 1948, 
wt: 
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becomes discouraged from reading any further. 

“If these two categories are omitted from to- 
day’s popular scientific literature, surprisingly 
little remains. But the little that is left is very 
valuable indeed. It is of great importance that 
the general public be given an opportunity to 
experience—consciously and __ intelligently—the 
efforts and results of scientific research. It is 
not sufficient that each result be taken up, 
elaborated, and applied by a few specialists in the 
field. Restricting the body of knowledge to a 
small group deadens the philosophical spirit of a 
people and leads to spiritual poverty.” 


Much of what has been stated above 
about scientific writing is equally true of 
the teaching of science, particularly in the 
elementary and secondary schools. Are we 
not sometimes guilty of giving our pupils 
the false belief that we have presented a 
complete and true explanation, when in 
reality we have oversimplified or presented 
special cases? Explanations of atomic 
structure are a case in point. 

It is not our intention to imply that one 
must either teach the complete theories of 
wave mechanics or nothing at all. Obvi- 
ously, in elementary classes this would mean 
teaching nothing at all. However, is it not 
possible to teach the pupil some information 
which is in agreement with the most gen- 
erally accepted modern theories and then 
emphasize that our explanation is neces- 
sarily incomplete? Is it not better to ad- 
mit our inabiltiy to give a complete ex- 
planation than it is to give one which may 
be clear and simple but is partially incor- 
rect? Why not discard the part that is 
incorrect ? 

In beginning our explanation of a subject 
such as this, it is important that pupils 
understand that theories must often be 
modified, or sometimes discarded entirely, 
as new information is obtained. We should 
make a clear distinction between such terms 
as fact, principle, law, and theory, and be 
careful to use these terms accurately. This 
will help the pupil to understand better an 
explanation of some of the study which 
has led to presently accepted ideas of atomic 
structure. 

Since no one has ever seen an atom, all 
theories of atomic structure are based upon 
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experimental study of the behavior of ele- 
ments and compounds under certain condi- 
tions. Evidence has been gathered from 
many sources and consequently the story of 
the development of modern theories of 
atomic structure is complex. Some of the 
important sources of information have 
been studies of spectra, studies of radio- 
active elements, bombardment of elements 
by various kinds of particles, and com- 
parison of physical and chemical properties 
of the elements. 

Studies of cathode rays, canal rays (or 
positive rays), and radioactivity led to the 
conclusion that atoms contained positive 
and negative charges of electricity. J. J. 
Thomson in 1904 suggested that the atom 
was a sphere of positive electricity with 
negative electrons embedded in it. He be- 
lieved that most of the mass was due to the 
electrons. This theory was soon discarded. 

Modern theory really got its start from 
E. Rutherford in 1911. After studying the 
deflection of alpha particles used to bom- 
bard very thin metal foil, Rutherford con- 
cluded that the atom contains a minute 
central nucleus which contains practically 
all of the mass of the atom and is positively 
charged. The electrons are travelling 
around the nucleus at a comparatively great 
distance from it. 

The theory of Rutherford had two de- 
fects. First, according to theories of 
mechanics held at that time, a negative 
electron moving around a positive nucleus 
should radiate energy in such a way as to 
produce a continuous spectrum. It was 
known, however, that the spectrum of each 
element was not continuous but was com- 
posed of series of lines representing certain 
frequencies characteristic of the particular 
element. Second, as the electron radiated 
energy it should spiral into the nucleus. 
Obviously this was not happening. 

In order to avoid the difficulties of the 
Rutherford atomic model, Bohr in 1913 
suggested that there were certain closed 
orbits in which the electrons could move 
without radiating energy. He called each 
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of these orbits a “stable state.” The 
amount of energy which an electron had 
would determine which orbit it would oc- 
cupy. By either absorbing or emitting the 
correct amount of energy, an electron could 
“jump” from one orbit to another. 

Bohr calculated the radius of the electron 
orbit in the normal hydrogen atom as 
0.529 Angstrom unit and the velocity of 
the electron as 2.18 x 10° centimeters per 
second. This theory was, at first, quite 
successful in explaining certain experimen- 
tal data. 

The word “orbit” suggests, as an analogy, 
the planetary orbits in the solar system. 
Consequently, the electrons travelling 
around the nucleus have frequently been 
called “planetary electrons,” and the whole 
atom has been referred to as a “miniature 
solar system.’ Although now regarded as 
inaccurate, this description is still used by 
some elementary chemistry textbooks. Most 
descriptions of atomic structure which have 
appeared in popular magazines and books 
for the general reader have used the “solar 
system” analogy. 

Our pupils who so carefully keep in- 
formed about the latest models of automo- 
biles, airplanes, and television sets, surely 
deserve better treatment than to be stuck 
with a 1913 model of the atom. 
tunately, describing the 
“model” is a bit difficult. 
of atomic structure which is most generally 


Unfor- 
latest atomic 


The description 


accepted at the present time is a mathe- 
matical one and no one is sure how it can 
be represented by a mechanical model. 
Some believe that it may never be possible 
to construct a model which will illustrate 
accurately the true atomic structure. 

One of the differences between Bohr’s 
atomic model and the modern wave me- 
chanical theory concerning electron motion 
in the atom is based upon the principle that 
both the velocity and position of the elec- 
tron can not be determined simultaneously. 
The idea that the electron has a definite 
circular or elliptical orbit of fixed radius for 
a given energy is no longer accepted. In- 
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stead, it is believed that the electron may 
have a somewhat random motion so that 
it effectively occupies a region which does 
not have sharp definite boundaries. The 
probability of finding the electron in a given 
position at a given time can be calculated, 
and it is found that in the hydrogen atom 
the most probable position is at a distance 
from the nucleus that corresponds to the 
radius of the orbit calculated by Bohr. 

Perhaps one reason that we have con- 
tinued so long to use the “miniature solar 
system” analogy is that it is so well adapted 
to visual presentation. It has an impressive 
appearance on bulletin boards and in text- 
books. Enterprising pupils can make three- 
dimensional models out of wire, cork, and 
string. Can you imagine centering a dis- 
play around a “picture” of Schrodinger’s 
wave equation or Heisenberg’s uncertainty 
principle? Yes, the “solar system” model 
is definitely better for teaching except for 
one little detail—it isn’t quite true. 
it necessary. 


Nor is 


Explanation of such fundamentals of 
chemistry and physics as the periodic rela- 
tionship of the elements, valence, and the 
spectrum do not depend on an understand- 
ing of the exact path of the electrons. In 
his textbook for first year college chemistry, 
Pauling describes the hydrogen atom as “a 
heavy nucleus at the center of a sphere de- 
fined by the space filled by the fast-moving 
electron in its motion about the nucleus.” * 
This description seems adequate. Why not, 
then, discard the “solar system” analogy? 

If we do so, there is still much that the 
high school class can be taught about atomic 
structure and its relationship to chemical 
and physical properties, without getting in- 
volved in mathematics. We may tell our 
pupils that although no one knows at the 
present time just what path an electron 
follows, because of its speed and the nature 
of its motion the effective shape of an indi- 
vidual atom is probably spherical. 

3 Linus Pauling, College Chemistry. San Fran- 


cisco: (W. H. Freeman and Company, 1957), 
pp. 88-89. 
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The following analogy has been used to 
explain how electrons can effectively oc- 
cupy a given space without actually filling 
all of that space all the time: Imagine a 
flywheel on an engine. The flywheel has 
spokes with spaces between. When the 
wheel is stopped, one can, if his aim is good, 
easily throw a marble through a space be- 
tween the spokes. However this can not 
be done if the wheel is turning at high 
speed. Of course, the marble still can be 
gotten through by propelling it at a high 
enough speed. This, like all analogies, is 
limited in its application. 

The meaning of the term “atomic radius” 
can be explained, the radii of various atoms 
and ions compared, and this characteristic 
pointed out as one of the factors related to 
type of crystalline structure, combining 
ratios, and electronegativity. In using the 
term “‘atomic radius,” however, we should 
be careful not to give the false idea that an 
atom is a hard, solid ball having a definite 
boundary. 

How far one would go into an explana- 
tion of electron configuration in terms of 
quantum numbers ‘would depend upon the 
class being taught. However, it is not 
difficult for students to understand that 
the electrons in an atom differ in their 
energy and that apparently only certain en- 
ergy states are possible for the electrons 
in an atom. The transition of an electron 
from one energy state to another involves 
the emission or absorption of energy. The 
fact that each element has a characteristic 
spectrum, a fact which has been very use- 
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ful in many fields of scientific study, is an 
example of experimental evidence which 
strongly supports this part of the theory. 
The periodic relationship of the elements 
also has an important part in this. If, in 
avoiding the use of the word “orbit” one 
resorts to the word “shell,” he should at 
least make it clear that this is used as a 
convenient way to distinguish between the 
different electrons and does not mean that 
each electron’s motion is confined to a re- 
gion like a shell around the nucleus. 

In summary, it seems desirable that the 
teacher minimize as much as possible the 
confusion resulting when a student in later 
classes finds that some of what he learned 
in previous classes is inaccurate. It also 
seems desirable that the teacher avoid giv- 
ing pupils who may have no further formal 
study of science the false impression that 
they thoroughly understand what is in 
reality a very complex subject. This can 
be partly done by (1) avoiding the use of 
loose analogies, too broad generalizations, 
and over-simplification, (2) making sure 
that the information presented is correct so 
far as is currently known, (3) helping the 
student to understand upon what basis 
theories are formulated and that theories 
often change as more information is ob- 
tained through research and observation, 
(4) helping the student to realize that the 
complete explanation of atomic structure is 
still unknown and that much of what is 
now believed to be true cannot be included 
in a beginning course of chemistry or 
physics. 
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ow many high school chemistry teach- 
H ers, speaking of “the” periodic chart 
cf the elements, would be surprised if a 
student asked, ““Which one?” The question 
would be quite reasonable, in view of the 
fact that well over a hundred different 
modifications of the periodic arrangement 
of the elements have been proposed. 

Upon encountering this array of periodic 
charts for the first time, one begins to ask 
questions. Why have so many attempts at 
classification been made? Why are not the 
older charts satisfactory? Which arrange- 
ment, if any, is best? What are the possi- 
bilities and limitations in using the various 
charts as an aid to teaching? 

This paper will first attempt to present 
a brief history of the development of various 
ferms of periodic arrangement of the ele- 
ments, and to describe some of the more 
important or more interesting charts. Some 
of the controversies concerning the arrange- 
ment of the elements will be discussed, and 
the paper will be concluded with sugges- 
tions for making use of periodic charts in 
teaching high school chemistry. 


CLASSIFICATIONS OF THE ELEMENTS 
BEFORE 1875 


It seems that ever since men have 
attempted to study natural materials, even 
in a very superficial way, they have been 
interested in classification. Aristotle’s classi- 
fication of the “elements” was very simple. 
He believed that the four elements were 
earth, fire, air, and water. These were 
arranged at the sides of a square, the 
corners of which represented the proper- 
ties of dryness, wetness, heat, and cold. 
With the experiments of the alchemists 
and the early chemists, more became known 


about the nature and composition of ma- 
terials and a different group of “elements” 
were recognized. Lavoisier suggested this 
classification of materials: 

“1. Simple Substances.—Light, caloric, oxygen, 
hydrogen, and nitrogen. 

“2. Oxidisable and Acidifiable Substances.- 
Sulphur, phosphorus, carbon and the muriatic, 
fluoric, and boracic radicles. .. . 

“3. Metallic Substances Producing Oxides.— 
Antimony, silver, arsenic, bismuth, cobalt, copper, 
tin, iron, manganese, mercury, molybdenum, 
nickel, gold, platinum, lead, tungsten, and zinc. 

“4. Simple Earthy Substances——Lime, baryta, 
magnesia, alumina, and silica. 

“5. Alkaline Substances (which were not con- 
sidered elements).—Potash, soda, and am- 
monia.” 1 


Another early method of general classi- 
fication was the division of the elements 
into two groups, the metals and the non- 
metals. Sometimes it was difficult, how- 
ever, to decide in which group some ele- 
ments belonged. This is still true today, 
when one often finds an element acting 
like a metal in one case and like a non-metal 
in another. 

In 1829, Johann Dobereiner of Jena 
pointed out the fact that certain triads of 
elements not only had similar properties 
but that the atomic weight of the middle 
member was approximately the mean of 
the atomic weights of the other two ele- 
ments. This was only true of certain 
selected elements, however, and could not 
be extended as a general method of classi- 
fication. More recently, Montgomery ” 
showed that the same relationship exists 

1 James Campbell Brown, A History of Chem- 


istry. (London: J. & A. Churchill, 1913), p. 
310. 

2J. P. Montgomery, “Dobereiner’s Triads and 
Atomic Numbers,” Journal of Chemical Educa- 
tion, January, 1931, p. 162. 
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between the atomic numbers of certain 
triads of elements. He explained that this 
is true because the atomic numbers in- 
crease by eighteen from one member of 
the group to the next. This is easily 
understood in relation to present theories 
of atomic structure. 

One of the first attempted tables of the 
elements was the “telluric screw” of 
Alexandre E. Beguyer de Chancourtois 
in 1862.5 He constructed a vertical cylin- 
der, the circumference of which was divided 
by vertical lines into sixteen equal parts. 
The atomic weights were plotted as ordi- 
nates. A line was drawn on the cylinder 
at an angle of forty-five degrees to the axis. 
The point where this helix crossed the 
horizontal line representing the atomic 
weight of an element determined the posi- 
tion of that element on the chart. The helix 
crossed any given vertical line at intervals 
cf sixteen, and some of the “families” of 
elements thus appeared on the same ver- 
tical line. Beguyer de Chancourtois ob- 
served the periodic recurrence of similar 
properties, but the importance of his work 
was not recognized and it was not pub- 
lished until about thirty years later. 

In England, John Newlands, as early as 
1864, placed the elements according to in- 
creasing atomic weight, observing that there 
was a recurrence of similar properties with 
each eighth element.* His “law of octaves” 
was only ridiculed, however, when pre- 
sented to the London Chemical Society in 
1866.° Finally, in 1887, the Royal Society 
awarded him the Davy Medal for his work. 

Also in 1864, a book called Die Moderne 
Theorien der Chemie, by Lothar Meyer, 
was published in Germany. It contained 
an incomplete periodic table which had the 

8 Mary Elvira Weeks, Discovery of the Ele- 
ments. (Easton, Pennsylvania: Journal of Chem- 
ical Education, 1956), pp. 654-655. 

*Mary Elvira Weeks, op. cit., pp. 656-657. 

5 Wendell H. Taylor, “J.A.R. Newlands: A 


Pioneer in Atomic Numbers,” Journal of Chem- 
ical Education, September, 1949, pp. 491-496. 
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elements arranged in six groups. Five 
years later, Meyer arranged a table of fifty- 
six elements in groups and sub-groups. He 
also prepared a line graph showing the re- 
lationship between atomic weights and 
atomic volumes, and later drew similar 
curves for fusibility, volatility, malleability, 
brittleness, and electro-chemical behavior. 
These curves show very clearly a periodic 
character.? 

Although the work that has been men- 
tioned either preceded or was contemporary 
with the work of Mendeleeff, it is Men- 
deleeff’s name which is most commonly 
associated with the periodic chart of the 
elements. This is probably due to the fact 
that Mendeleeff, more than any of the 
others, saw the great significance of the 
periodic arrangement and went much 
further in using it to predict new discov- 
eries. 

Mendeleeff stated the idea of the Peri- 
odic Law and published a periodic table 
of the elements in his book, The Principles 
of Chemistry, in 1868. In March, 1869, he 
presented a paper entitled “The Relation 
oi the Properties to the Atomic Weights of 
the Elements,” to the Russian Chemical 
Society. At that time, he made the fol- 
lowing statements : ® 

“1. The elements, if arranged according to their 
atomic weights, exhibit an evident periodicity of 
properties. 

“2. Elements which are similar as regards their 
chemical properties have atomic weights which 
are either of nearly the same value (e.g. plati 
num, iridium, osmium) or which increase regu 
larly (e.g. potassium, rubidium, caesium). 

“3. The arrangement of the elements, or of 
groups of elements in the order of their atomic 
weights corresponds to their so-called valencies 
as well as, to some extent, to their distinctive 
chemical properties—as is apparent among other 
series in that of lithium, beryllium, barium, car- 
bon, nitrogen, oxygen, and iron. 

“4. The elements which are the most widely 
diffused have small atomic weights. 


“5. The magnitude of the atomic weight de 


® Rudolf Winderlich, “Lothar Meyer,” Journal 
of Chemical Education, July, 1950, pp. 365-368. 

7 Mary Elvira Weeks, of. cit., p. 659. 

8 Anonymous, “Classics of Science: Periodic 
Law of the Elements,” Science News Letter, vol 
14, pp. 41-42, July 21, 1928. 
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termines the character of the element just as the 
magnitude of the molecule determines the char- 
acter of a compound body. 

“6. We must expect the discovery of many yet 
unknown elements, for example, elements anal- 
ogous to aluminum and silicon, whose atomic 
weight would be between 65 and 75. 

“7. The atomic weight of an element may some- 
times be amended by a knowledge of those of the 
contiguous elements. Thus, the atomic weight 
of tellurium must lie between 123 and 126, and 
cannot be 128. 

“8. Certain characteristic properties of the ele- 
ments can be foretold from their atomic weights.” 


Mendeleeff had the satisfaction of seeing 
many of his predictions fulfilled during his 
lifetime. The elements gallium, scandium, 
and germanium were discovered and had 
properties which very closely corresponded 
to the properties which Mendeleeff had 
predicted for elements which he called 
ekaaluminum, ekaboron, and ekasilicon. 

On June 4, 1889, Mendeleeff delivered 
the Faraday Lecture to the Chemical So- 
ciety in England. At that time he quoted 
from the remarks he had made to the Rus- 
sian Chemical Society twenty years before, 
and also predicted the discovery of an ele- 
ment of atomic weight 212 and described 
some of the properties which it would 
This element later 
discovered by Madame Curie and named 


probably have. was 
Polonium. 

In the United States between 1870 and 
1875, a periodic table was arranged by 
Lewis Reeve Gibbes, professor of chemistry 
at the College of Charleston.* He appar- 
ently did not know of the work of Men- 
deleeff and Meyer and approached the 
problem in a different manner. 

Each “family” of elements having simi- 
lar properties was placed in a horizontal 
row. These rows were numbered and ar- 
ranged in order from —4 to +3 according 
to the principal valence number of the fam- 
Of course the row num- 
blank because the 


In each hori- 


ily of elements. 


bered zero was inert 
gases were still unknown. 
zontal row Gibbes placed the elements 


according to increasing atomic weight and 


* Mary Elvira Weeks, op. cit., pp. 665-667. 
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then found that generally the atomic 
weights increased from top to bottom of 
each vertical column. 
blank spaces in the chart and Gibbes recog- 
nized the possibility that new elements 
might be discovered to fill some of these 
spaces. The known elements which did 
not seem to fit with the classification were 
placed in a sort of secondary chart at the 


There were many 


bottom. One group of these was labeled 
the “iron group” and another the “platinum 


group.” 

Gibbes evidently was fully aware of the 
limitations of his chart and the fact that it 
was probably incomplete. He was handi- 


capped by incorrect values of atomic 
weights which were available to him and 
a lack of sufficient information on the prop- 
He realized 


this, as is indicated by this statement.’° 


erties of some of the elements. 


“The other two, Er, Th, are written here for 
a reason, very unscientific indeed, but not with- 
out influence, I imagine, in other schemes than 
the present,—I know not where else to put them. 
I am not sufficiently familiar with the elements 
on this line to make a better arrangement.” 


After reading the work of some of the 
more modern writers who seem to believe 
that their particular charts solve all the 
problems of a periodic arrangement of the 
elements, it is pleasant to find someone so 
candid. Gibbes received little recognition 
for his work, probably because the work of 
Meyer and Mendeleeff was already so 


widely recognized. 


PERIODIC CHARTS SINCE 1875 


In arranging his periodic table of the 


elements according to atomic weights, 
Mendeleeff found that some of the elements 
did not fall in their proper group according 
to chemical and physical properties. He 
boldly stated that the atomic weights must 
This 


was later found to be true in some cases, 


have been incorrectly determined. 


10 W. H. Taylor, “Lewis Reeve Gibbes and the 
Classification of the Elements,” Journal of Chem- 
ical Education, September, 1941, pp. 403-407. 
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but even with more accurately determined 
atomic weights, there were a few pairs of 
elements which did not fit in the chart in 
order of increasing weights. Four such 
pairs are found on present charts. They 
are argon and potassium, cobalt and nickel, 
tellurium and iodine, and thorium and pro- 
tactinium. With increasing knowledge of 
atomic structure, it became an accepted fact 
that atomic number was more important 
than atomic weight in determining an ele- 
ment’s place in the classification. Now the 
importance of retaining the order of atomic 
numbers is questioned by some. 

Since the time of Meyer, Mendeleeff, and 
Gibbes, many new forms and modifications 
of the periodic classification of the elements 
have been suggested. By 1934, they were 
so numerous that Quam and Quam ™ 
made a classification of the classifications. 
They grouped the periodic arrangements 
in five main types plus several miscellaneous 
types. The five main types are (1) the 
short form tables, having elements arranged 
in eight groups, (2) the long charts of the 
Werner type,’* which are extended so that 
the transition elements are in different 
columns from the so-called representative 
elements, (3) the long charts of the Bayley 
type,’ which have a roughly triangular 
shape with radiating lines connecting the re- 
lated elements, (4) the spiral types, which 
are spirals on a plane surface, and (5) the 
helical types, which are three-dimensional 
models. In all, they mention ninety-two 
different arrangements, some of which are 
only slight modifications of each other, while 
some are unique. Since 1934 the construc- 
tion of new forms of periodic charts has 
continued. 

What are the reasons for so many dif- 
ferent modifications of the periodic chart? 
First, the periods do not all contain the 

11G. N. Quam and M. B. Quam, “Types of 
Graphic Classifications of the Elements,” Journal 
of Chemical Education, January 1934, pp. 27-31; 
April, 1934, pp. 217-223; May, 1934, pp. 288-297. 

12 Ibid., p. 218. 

18 Jhid., p. 220. 
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same number of elements. The various 
spirals, triangles, helices, and rectangular 
arrangements are attempts to get similar 
elements lined up without leaving blank 
spaces between elements in adjacent groups 
of the shorter periods. 

Second, there is the dilemma of how to 
show the similarity between the groups of 
transition elements and the groups of so- 
called representative elements and at the 
same time indicate that there are also many 
differences. One criticism that has been 
made of the short form of chart with its 
eight columns is that it places in one column 
elements which are not closely related in 
characteristics. | Some short form charts 
attempt to remedy this by offsetting the 
subgroups a little so that, although they 
are still in the same column, they are not 
quite directly in line. Other charts have 
an arrangement in which each column 
splits in two after the first two periods of 
eight elements and the subgroups are thus 
in adjacent but separate columns 

The usual long form of chart makes use 
of eighteen columns. A criticism of this 
arrangement is that it separates the sub- 
groups so widely that their relationship is 
not easily seen. A method commonly used 
to indicate this relationship is to label the 
subgroups as IA, IB, LIA, IIB, ete 


Emerson ?*}™ and Simmons?!" have 


proposed two different solutions to this 
problem. Herron ** has suggested a “con 


vertible” chart. He has some of the symbols 


14 Edgar I. Emerson, “A New Spiral Form of 
the Periodic Table,” Journal of Chemical E 
tion, March, 1944, pp. 111-115 

15 Edgar I. Emerson, “A Chart Based 
Atomic Numbers Showing the Electronic Struc 
ture of the Elements,” Journal of Chemical Edu 
cation, May, 1944, pp. 254-255. 

16]. M. Simmons, “A Modification of the 
Periodic Table,” Journal of Chemical Educatior 
December, 1947, pp. 588-591 





17 L. M. Simmons, “Display of Electronic Con 
figuration by a Periodic Table,” Journal of Chem- 
ical Education, December, 1948, pp. 658-061 

18Fred Y. Herron, “A Convertible Periodic 
Table,” Journal of Chemical Education, October, 


1649, pp. 540-541 
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ef elements printed on moveable cardboard 
strips so they can be arranged in either the 
“short” form of chart or the “long” form. 
This type might at least be of value to show 
a comparison of the two forms. 

A third reason for so many modifications 
of the chart is that some of the designers 
believe that the arrangement in separate 
horizontal rows on a flat surface does not 
emphasize enough the continuity of the 
chart. They, therefore, have designed 
charts which are in the form of a continu- 
ous spiral. Many teachers have seen or 
perhaps used as a display a modification of 
one such chart by Clark ?® which appeared 
in Life magazine May 16, 1949. 

Some chemists believe that the relation- 
ship between the elements cannot be prop- 
erly shown on any kind of flat chart, and 
have used a helical coil as a framework for 
a three-dimensional chart. Usually the 
loops are of different sizes to allow for the 
different lengths of the periods. Sometimes 
double loops are used, either one within 
another or in a figure eight arrangement. 
Some models are composed of two con- 
centric cylinders. 

Courtines constructed a_ three-dimen- 
sional cardboard model which has come to 
be referred to as “Courtines’ castle.” 7° 
Courtines himself used the description, “a 
tower tinted gray with a basement of white 
attached,” and later referred to the part 
representing the transition elements as “the 
annex.” Squares containing the symbols 
of the elements are printed in rows on the 
outside of the “castle” with hydrogen and 
helium at the top of the “tower.” A pattern 
for constructing an up-to-date model can be 
found in Popular Science Monthly, Novem- 
ber, 1946.74 

19 John D. Clark, “A New Periodic Chart,” 
Journal of Chemical Education, November, 1933, 
pp. 675-677. 

20M. Courtines, “A Model of the Periodic 
Table,” Journal of Chemical Education, Febru- 
ary, 1925, pp. 107-109. 

21 Howard W. Blakeslee, “Building Blocks of 


Science,” Popular Science Monthly, November, 
1946, pp. 104-107. 
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Steinmetz has stated that the periodic 
relationship among the elements can not 
be properly represented on any plane figure 
or three dimensional model.?”_ He believed 
that it requires a more complex surface. The 
only difficulty is that the surface which he 
suggests cannot be represented by any 
physical model. Obviously, it is of no 
value as a teaching aid. His opinion has 
not deterred others from continuing to 
make charts on a plane or models in three 
dimensions. 

Van Rysselberghe was perhaps one of 
the first to suggest that the sequence of 
atomic numbers be disregarded.?* On his 
chart the elements are arranged in horizon- 
tal rows according to the principal quantum 
number, n, and the orbital quantum num- 
ber, 1, of the last electron “added” to the 
atom in building up its structure from the 
element which precedes it. He states that 
all periodic charts are forced to disregard 
the order of atomic numbers anyway, be- 
cause of the rare earths. Some would not 
agree with that statement. 

Ebel also arranged the elements accord- 
ing to the placement of the distinguishing 
electron.24 (The distinguishing electron 
is considered to be the electron which dis- 
tinguishes a given element from the one 
preceding it.) This arrangement resulted 
in three levels. Level one contained the 
representative elements; level two, the re- 
lated metals; and level three, the rare 
earths. 

Luder modified Ebel’s chart and arranged 
it horizontally rather than vertically. In 

22C. P. Steinmetz, “The Periodic System of 
Ejements,” Journal of the American Chemical 


Society, May, 1918, pp. 733-739. 

23 Pierre Van Rysselberghe, “A New Periodi¢ 
Table,” Journal of Chemical Education, October, 
1935, pp. 474-475. 

24 Robert L. Ebel, “Atomic Structure and the 
Periodic Table,” Journal of Chemical Education, 
December, 1938, pp. 575-577. 

25 W. F. Luder, “An Improved Periodic Table,” 
Journal of Chemical Education, August, 1939, pp. 
393-395. 
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both Ebel’s and Luder’s charts, the order 
of atomic numbers is disregarded. Babor 
has in turn modified Luder’s chart so that 
the atomic numbers are kept in numerical 
order.2* He does this by extending the 
chart vertically so that there are eleven 
horizontal rows instead of the usual seven. 

Thus we have a difference of opinion 
about the importance of keeping the order 
of atomic numbers. Luder writes, “The 
sole basis for the chart herein advocated is 
the electronic configuration of the atoms, 
which is, after all, the only logical basis for 
a chemical chart of the elements.” Later in 
the same article, he states that the arrange- 
ment by atomic number is merely a matter 
ot habit and not really necessary.?’ 

Nevertheless, many have not gone so far 
as Luder in discarding atomic number as 
the basis of the periodic arrangement. At- 
tempts at a compromise have been made by 
some others besides Babor. Simmons at- 
tempts this by making the break between 
periods after the alkaline earth metals.** 
His chart then has the alkaline earth metals 
in the right hand column and each period 
extends as far to the left as is necessary, 
depending upon how many elements it 
contains. 

A recent attempt to form a chart based 
upon electron still 
keeping the elements in order of atomic 
numbers is that of Wrigley, Mast, and 
McCutcheon.*® They use a three-dimen- 
sional laminated chart. 


configuration while 


A modification of 


26 Joseph A. Babor, “A Periodic Table Based 
on Atomic Number and Electron Configuration,” 
Journal of Chemical Education, January, 1944, 
pp. 25-26. 


27 W. F. Luder, “Electron Configuration as the 
Basis of the Periodic Table,” Journal of Chemical 
Education, January, 1943, pp. 21-26. 

28. M. Simmons, “Display of Electronic Con- 
figuration by a Periodic Table,” of. cit., pp. 658- 
659. 

202A. N. Wrigley, W. C. Mast, and T. P. 
McCutcheon, “A Laminar Form of the Periodic 
Table,” Journal of Chemical Education, April, 
1949, pp. 216-218; May, 1949, pp. 248-250. 
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this form, drawn in perspective on a regu- 
lar flat surface is now available commer- 
cially. 

A fourth controversy among the makers 
of periodic charts, then, is: Shall the 
numerical order of atomic numbers be fol- 
lowed, and if so, how can one show on the 
same chart the electron configuration which 
is so important 
properties ? 


in explaining chemical 


Another of the reasons for the abundance 
of periodic charts is that different persons 
wish to emphasize different characteristics 
of the elements. The charts based on elec- 
tron arrangement have already been men- 
tioned. Several charts have been made to 
especially emphasize one or more specific 
chemical or physical properties of the ele- 
ments. 

French has suggested a graph on which 
the element is plotted vertically according 
to atomic number and horizontally accord- 
ing to chemical behavior.*® The acidity or 
basicity of the element is the main criterion 
used as an indication of chemical behavior. 
Along somewhat the same line of thought, 
Sears had stated earlier that the two funda- 
mental chemical properties are activity and 
basicity, which he attempted to emphasize 
en his chart by drawing arrows between the 
kind of 
showed the direction of increasing activity ; 
another kind indicated the direction of in- 


atomic symbols.*? One arrow 


creasing basicity. 


Irwin also emphasized chemical and 


physical properties.** ** He arranged the 

80 Sidney J. French, “Warping the Periodic 
Table,” Journal of Chemical Education, Decem- 
ber, 1937, pp. 571-573. 

81 George W. Sears, “A Theoretical Point of 
View in the Teaching of Inorganic Chemistry,” 
Journal of Chemical Education, July, 1933, pp. 
430-432. 

82K. Gordon Irwin, “A Periodic Arrangement 
of the Elements to Meet Modern Chemistry 
Needs,” School Science and Mathematics, June, 
1938, pp. 654-665. 

33 K, Gordon Irwin, “Periodicity Patterns of the 
Elements,” Journal of Chemical Education, July, 
1939, pp. 335-340. 
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elements in a flat spiral and then marked 
off areas of similarity in regard to a par- 
ticular chemical or physical property. A 
separate chart was used for each property. 
The “periodicity patterns,” as he calls them, 
seem rather complex for use in an elemen- 
tary chemistry course, however. 

Moeller made a simple line graph of 
atomic volumes and arranged the line in 
segments corresponding to the periods of 
the long form of chart.24 As he pointed 
out, the curve is in error in not always 
giving data for the same physical state, but 
it is simple and illustrates clearly the sim- 
ilarity between periods in regard to this 
property. Periodic variations are also ap- 
parent in the standard electrode potentials 
and ionization potentials of the ele- 
ments.*°, 36 

Two special types of periodic chart have 
been constructed which might be of more 
practical use as teaching aids than many 
oi the others. One is Campbell’s table of 
models representing relative sizes of the 
atoms.3* The models are solid spheres of 
varying size arranged in the same order as 
the usual long form of table. The com- 
parative size of some ions is also shown. 
A similar table has been constructed by 
Klingenberg and Springman.** A flat wall 
chart based upon Campbell’s models of 
atomic size is now commercially available. 

84 Therald Moeller, “Modified Atomic Volume 


Plots,” Journal of Chemical Education, Septem- 
ber, 1940, pp. 441-442. 

85Clara L. Deasy, “Relationships between 
Standard Electrode Potentials of the Elements 
and Their Positions in the Periodic Table,” 
Journal of Chemical Education, November, 1941, 
p. 514. 


36 Harry H. Sisler and Calvin A. Vanderwerf, 
“Tonization Potentials in the Teaching of Ele- 
mentary Chemistry,” Journal of Chemical Edu- 
cation, August, 1945, pp. 390-395+. 

87 J, A. Campbell, “Atomic Size and the Peri- 
odic Table,” Journal of Chemical Education, 
November, 1946, pp. 525-529. 

38 Joseph Klingenberg and LeRoy Springman, 
“A Periodic Table Showing the Relative Sizes 
of Elements and Their Ions,” Journal of Chem- 
ical Education, February, 1952, p. 81. 
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Another chart which should be useful 
to teachers is suggested by Hazlehurst and 
Fornoff and is also based on the common 
long form of chart.*® Above the symbol of 
each element is placed a small graph, one- 
half inch square, which is divided into one 
hundred small squares. The value of a 
given property for each element is plotted 
by blacking in the appropriate number of 
squares on each small graph. Each chart 
shows only one property of the elements 
and the periodic variation is clearly shown. 
This idea has been adapted for the construc- 
tion of a large, lighted chart using moveable 
cards in place of the small graphs.*° 

Most of the periodic tables of the ele- 
ments do not attempt to represent the many 
isotopes. However, a_ very elaborate 
cvlindrical model has been built by King 
and Hall, on which every known naturally 
occurring isotope is represented.*? The 
short form of periodic table is glued around 
a cylinder in such a way that a continuous 
spiral is formed. Extending outward from 
the space representing each element, is a 
rod from which is hung a plastic rectangle 
for each of the known naturally occurring 
isotopes of that element. On the rectangle 
of plastic are printed the symbol, mass num- 
ber, and atomic number. For the stable 
isotopes, the per cent abundance is indi- 
cated. In the case of the naturally radio- 
active isotopes, the half-life and _ the 


‘ 


immediate “ancestor” and immediate “de- 


scendant” are given. 

Another question which has been an- 
swered in several different way is: Where 
should hydrogen be placed in relation to 


89 Thomas H. Hazelhurst and Frank J. Fornoff, 
“Representation of Periodic Properties of the 
Elements,” Journal of Chemical Education, Feb- 
ruary, 1943, pp. 77-79. 

40 Frank J. Fornoff, Glenn I. Post, Richard N. 
Rhoda, and Herman E. Collier, Jr., “A Periodic 
Table for the Lecture Room,” Journal of Chem- 
ical Education, December, 1952, pp. 626-628. 

41J. F. King and P. H. Hall, “Radioactivity 
and the Periodic Table,” Journal of Chemical 
Education, October, 1940, pp. 481-482. 
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the other elements? Some charts represent 
hydrogen at the top of the alkali metals 
column ; a few have hydrogen placed above 
the halogens. Some even show it in both 
places, writing the symbol twice. Some- 
times the symbol for hydrogen is centered 
above the periods of the other elements. 

Another problem of placement is pre- 
sented by the rare earths. The usual form 
of long chart could be stretched still further 
to make room for the rare earths as has 
been done by Simmons.** This makes the 
chart less convenient for display in the class- 
room. Usually the rare earths are placed 
at the bottom of the main chart. In the 
three-dimensional models they are some- 
times represented on a ribbon which is 
folded like an accordian and squeezed into 
space number fifty-seven. Payne cut a 
window in the space where element fifty- 
seven would be and placed the rare 
earths around the inside of the model.* 
McCutchon used two paper flaps to con- 
tain the symbols of the transition elements 
and the rare earths.‘ One suspects that 
the placement of the rare earths on some 
charts has the same justification that 
Gibbes gave for the positions of Er and 
Th — “I know not where else to put them.” 

In summary, it seems that there are at 
least five questions the answers_of which 
have not been agreed upon by the designers 
of the many periodic classifications. These 
are (1) How can the subgroups be placed 
to indicate both their differences and simi- 
larities ? (2) Which physical form or shape 
is best for showing the periodic relation- 
ships? (3) Is the numerical order of atomic 
numbers important? (4) How much in- 

#2L. M. Simmons, “Display of Electronic 


Configuration by a Periodic Table,” of. cit., pp. 
658-659. 

48E. C. Payne, “A Periodic System of the 
Elements,” Journal of Chemical Education, April, 
1938, pp. 180-183. 

44K. B. McCutchon, “A Simplified Periodic 
Classification of the Elements,” Journal of Chem- 
ical Education, January, 1950, pp. 17-19. 
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formation should be included on one chart 
and which relationships should be empha- 
sized most? (5) Where should hydrogen 
and the rare earths be placed? 

It is not the purpose of this paper to 
attempt to answer these questions. It is 
even doubtful whether the answers are im- 
portant to the teacher of elementary chem- 
istry. However, the questions do indicate 
some of the reasons why one finds so many 
different periodic arrangements of the ele- 
ments. The discussion of these questions 
should also help the teacher to become 
better acquainted with the periodic rela- 
tionship of the elements and to understand 
better the value and limitations of the charts 
as teaching aids. The most pertinent ques- 
tion for the chemistry teacher is: How can 
1 use the available periodic charts to give 
my students a clearer understanding of 


chemical principles and relationships? 


USING PERIODIC CHARTS AS TEACHING AIDS 
IN HIGH SCHOOL CHEMISTRY 


Quam and Quam begin their article with 
the statement, “The average student of 
chemistry does not obtain a comprehensive 
view of the various systems of classifica- 
tion of the elements from his reading of 
textbooks and books of reference. One 
might add that neither do many beginning 
teachers of high school chemistry. 

The beginning chemistry student might 
be quite confused by an attempt to present 
a “comprehensive view of the various sys- 
tems of classification.” Nevertheless, such 
a comprehensive view should be of value 
to the teacher, if only to help him realize 
that all periodic classifications are arbitrary 
arrangements, none of which are perfectly 
consistent with all known facts. 

One of the ways in which the periodic 
chart is most useful is as an aid to remem- 
bering general relationships between the 
elements. Thus the chemical behavior of 


45 G. N. Quam and M. B. Quam, op. cit., p. 27. 
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various elements can be predicted to a 
certain extent without having to memorize 
many details about the properties of each 
one. For example, the student can learn 
to use the chart as a reminder of the num- 
ber of electrons in the various “shells” of 
the atom of each element. Generalizations 
can be made as to the number of electrons 
in the outer “shell” for elements in each 
group, which makes unnecessary the mem- 
orization of each one individually. This 
makes it possible to remember the kind of 
ion, if any, and types of compounds which 
a given element is likely to form. 

The fact that a periodic relationship of 
the elements exists has contributed to the 
development of present theories of atomic 
structure. The success of these theories 
in explaining the periodic relationship 
gives strong support to the validity of the 
theories. How far one would go into an 
explanation of atomic structure, quantum 
numbers, etc. would, of course, depend 
upon the ability and background of the 
students being taught. Therefore, the 
charts which emphasize electron configura- 
tion and quantum numbers might be better 
suited for use in some classes than in others. 

To be useful in the classroom, a chart or 
model should be simple and convenient to 
use. The flat wall chart is much more 
easily displayed to an entire class and is 
more easily stored than a three-dimensional 
model. Among the various plane charts, 
those which have the elements arranged in 
straight rows seem most simple and con- 
venient. After all, it requires little imag- 
ination to visualize one period of elements 
as being a continuation from the previous 
period. We have no difficulty in reading 
a story printed in a series of lines on a 
flat page. 

In some ways, the “long” form of chart 
seems more desirable than the “short” 
form. It shows more clearly the different 
lengths of the periods. The short form of 
chart is confusing in placing in the same 


column elements which are not closely sim- 
ilar in many of their properties. On the 
other hand, the short form is more com- 
pact. 

For use as an aid to forming generaliza- 
tions about the properties of the elements 
a chart should not contain too much in- 
formation. An advertisement of one chart 
stated, it is “crowded with new data.” This 
is very useful as a handy reference source, 
but as a teaching aid perhaps it is too 
crowded. In general, the less information 
one chart includes, the more clearly and 
forcefully it will present that information. 

For most purposes in a high school 
course in chemistry a simple “long” form 
of chart having on it only the symbols of 
the elements, the atomic numbers, and the 
atomic weights should be very useful. If 
the teacher wishes to show the periodic 
variation of specific properties, graphs 
such as those constructed by Hazlehurst 
and Fornoff would be useful.*® 

Many interesting relationships between 
atomic size and other characteristics can be 
shown. For this purpose Campbell's 
models would be helpful.47 Other charts 
can be found which will be useful in illus- 
trating other specific relationships. The 
teacher may even wish to construct a de- 
sign of his own. 

Students might be interested in some of 
the earliest forms of periodic tables, to see 
how modifications have been evolved as 
more information about the elements has 
been discovered. The teacher who wishes 
to show a comparison between various 
forms of periodic chart would find lantern 
slides convenient. : 

To stimulate interest in the periodic 
chart and the elements, one might follow the 
idea of Fillinger, who constructed a display 
case in the form of a periodic chart. The 
space for each element contained, whenever 

46 Thomas H. Hazelhurst and Frank J. Fornoff 
op. cit., pp. 77-79. 

47 J. A. Campbell, op. cit., p. 526. 
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BIOLOGY 


possible, an actual sample of the element 
along with the symbol, atomic number, 
and atomic weight.** Sixty-five of the 
ninety-two elements were obtained for 
display. 

A card game similar to seven-card 
rummy has been devised to aid in learning 
the groups of the periodic table,*® and an 
interesting test of one’s knowledge of the 


48 Harriett H. Fillinger, “A ‘Living’ Periodic 
Chart of the Elements,” Journal of Chemical 
Education, October, 1932, pp. 1807-1808-+-. 


49J. A. Maxwell, “Periodicity,” Journal of 
Chemical Education, September, 1950, pp. 510- 
511. 
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periodic chart has been made in the form 
of a puzzle.®° 

It must be admitted that in discussing 
the merits of various types of periodic 
chart, one is greatly influenced by what he 
is familiar with and accustomed to using. 
What seems entirely satisfactory for one 
teacher in a certain class may not suit 
another instructor at all. That is all the 
more reason why the teacher should be 
familiar with the various types of chart 
so that he may choose those which can be 
most helpful in his own teaching. 

50 Mark Neuhof, “Do You Know Your Peri- 


odic Table?” Journal of Chemical Education, 
May, 1943, p. 222; June, 1943, p. 302. 


BIOLOGY INTERESTS OF TENTH AND ELEVENTH GRADE 
PUPILS 


Sam § 


. BLANC 


Gove Junior High School, Denver, Colorado 


I’ a previous study,’ an attempt was made 

to determine the emphasis given to topics 
in biology in ten current high school texts 
in the field. In order to find how closely 
the interests of pupils in second-semester 
biology classes ranked in comparison to 
the above sequence of topics, an interest 
survey, based on the previous study, was 
constructed and administered in ten classes 
of Biology II at East High School in 
Denver. 

The pupils checking this questionnaire 
had been in biology classes, under various 
teachers, for a total of thirty weeks. Most 
pupils had studied in the following areas : 

I. Introduction to Biology 

II. Microscope and Microscopic Life 
III. Relationship of Living Things 
IV. Flowerless Plants 

V. Flowering Plants 

VI. Invertebrate Animals 
VII. Insects and Man 





1Sam S. Blanc, “A Comparison of the Biology 
Interests of Tenth and Eleventh Grade Pupils 
with a Topical Analysis of High School Biol- 
ogy Textbooks,” Science Education, 40:127-132, 
March, 1956. 


VIII. Vertebrate Animals 

IX. Human Body 

To be covered in the remainder of the 
course were the following areas: 

X. Biology and Disease 

XI. Heredity and Eugenics 

XII. Conservation of Natural Resources 

Obviously, a number of items on the 
questionnaire had not yet been covered in 
the various classes. However, the pupils 
were asked to check the items as to interest, 
or lack of interest, regardless of whether 
they had had the opportunity of studying 
that item in class or not. It was felt that 
pupils at that grade level had enough gen- 
eral background to give valid reactions to 
the topics. 

In order to reduce the load of tabulation 
(which was done by punching cards and 
using an I.B.M. sorter) the questionnaires 
were selected at random from the total 
group so that the following evenly-matched 
distribution of pupil characteristics were 
present: 


1. Boys—sixty questionnaires 
2. Girls—sixty questionnaires 
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3. Tenth Grade—sixty questionnaires 
4. Eleventh Grade—sixty questionnaires 
5. Pupils receiving an “A” in Biology I- 


thirty questionnaires 


6. Pupils receiving a “B” in Biology I— 
thirty questionnaires 
7. Pupils receiving a “C” in Biology I— 


thirty questionnaires 
8. Pupiis receiving a “D” in 
thirty questionnaires 


Biology I 


the 
total sample studied was actually 120 pupils. 


Of course, it must be realized that 


The numbers shown above in each category 


were contained within this total 
of 120. 

The interpretation of the results was 
the Yes 


Those omitted and those 


group 


based on the difference between 
and No checks. 
the Undecided column 
not be given any real interpretation. It 


checked in could 
was felt that if there were complete agree- 
ment on either high or low interest for 
any item, the’ pupils would all mark the 
same column. Hence, for any group tabu- 
lated, the result would be 60—0O= 60. 
Of course, no complete agreement was ex- 
pected, or found, on any item in the ques- 
But, certainly, an item which 
the 
Yes column and 5 marks in the No column, 
to give a difference of 50, was far more 
significant than an item on which the pupils 
split evenly by marking 25 in the Yes 
column and 25 in the No column to give 
To differentiate be- 
tween high interests and low interests, the 
direction (+ or —) of the difference was 
indicated for each item. 

In any sampling of a population, the 


tionnaire. 


was tabulated to show 55 marks in 


a difference of zero. 


question of standard error must be con- 
Using the formulas and tables in 
Lindquist,” the Critical Ratio for signifi- 
cance of the difference, at the five per cent 
level of confidence, was found to be +7.8 
for a group of 60 in a sample. That is, all 
differences between the Yes and No checks 
for any item of +8 and above and —8 and 
below were statistically significant in inter- 
preting the results. 


sidered. 


2E. F. Lindquist, A First Course in Statistics 
(Boston: Houghton Mifflin Company, 1942), 
pp. 125-29 and 240. 
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Using the amount of difference in the 
tabulation of each item within a group 
(from the largest + to the largest —) 
the items were ranked within the eight 
Table I 


these items, arranged in the order of em- 


categories listed above. shows 


phasis derived from the analysis of text- 
books, and the relative rank within each 
group studied. 


the items in which the 


pupils in the sample were most interested 


To determine 


and least interested, the amount and di- 


rection of difference for each item was 


analyzed. On the basis of the tabulations 
in the first four categories, Boys, Girls, 
Tenth Grade, and Eleventh Grade, it was 
found that there was much agreement in 
the topics in which pupils were interested, 
and fair agreement in the topics in which 


pupils were not interested. The items of 


agreement are as follows: 


I. High Interest Group (differences +25 and 
above ) 
4. Mendel’s laws 
heritance 
6. Problems of human inheritance 
7. Evidence of change in living things over 
the ages 
13. Nervous system and control of the body 
14. Organisms that cause disease in man 
15. Process of reproduction in plants and 
animals 
27. Heart and circulation in the body 
34. Effects of alcohol and drugs on the body 
35. Body defenses against disease germs 
40. Protective adaptations of various ani- 
mals 
41. Balance of living things in nature 
57. Various types of disease of the human 
body 
62. Vaccination and tests for immunity 


and principles of in- 


63. Use of chemicals and antibiotics in 
diseases 

64. Life processes and functions of living 
things 

80. Adaptations of mammals . 

87. Economic importance of mammals to 
man 


89. Structure of mammals 


II. Medium Interest Group (difference +8 to 
+24) 
9. Sense organs and sensation in the body 
21. Blood and its functions in the body 
26. Skeleton and muscles in the body 
46. Waste products and excretion in the 


body 
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TABLE I 
RANKS OF ITEMS ON BrioLoGy INTEREST SURVEY 
Item Textbooks Boys Girls 10th Grade llth Grade \ B it D 
1 1 51 66 69 54 22 69 67 67 
2 l 66 44 59 57 66 66 61 45 
3 1 53 24 34 30 31 49 26 32 
4 ] 8 25 25 14 14 18 16 25 
5 l 12 70 55 47 71 61 49 18 
6 6 10 8 14 5 S ) 4 1] 
7 6 3 17 & 8 6 3 3 15 
8 6 44 37 42 39 58 36 26 36 
9 9 28 19 19 24 14 22 16 32 
10 9 28 9] 63 60 77 66 67 36 
11 y 7 63 38 44 48 49 31 36 ’ 
12 12 84 68 86 69 55 79 66 77 
13 12 12 13 10 20 3 20 8 20 
14 12 16 3 3 8 6 3 16 5 
15 12 19 13 10 24 4 Y 26 23 
16 16 68 60 70 60 42 69 61 85 
17 16 83 68 71 78 81 79 86 55 
18 16 78 76 82 76 55 9? 79 72 
i9 16 75 65 80 67 31 86 79 82 
20 16 51 61 52 60 73 69 43 51 
21 16 28 10 15 17 22 26 6 1] 
22 16 47 32 30 41 22 66 36 29 
23 23 71 58 58 70 83 52 61 59 
24 23 90 92 92 9? 9? 90) 9] 9] 
25 23 37 45 38 48 63 58 31 27 
26 23 28 7 13 20 17 5 22 20 
27 23 15 12 19 3 l 18 31 14 
28 23 68 58 68 65 17 65 73 6o4 
29 29 47 57 59 49 36 43 49 53 
30 29 71 77 78 73 73 52 89 77 
31 31 84 83 74 85 81 72 79 85 
32 31 77 83 $1 80 71 79 79 85 
33 31 87 80 90 76 77 86 86 89 
34 31 5 4 1 2 17 | 2 l 
35 31 16 1 4 3 4 8 16 3 
36 31 23 39 32 29 36 16 48 45 
37 31 50 42 37 51 40 38 49 55 
38 38 56 56 50 64 48 52 54 64 
39 38 38 _ a 28 37 46 49 22 27 
40 38 11 20 23 1] 28 22 10 1] 
41 38 4 26 17 11 8 13 36 9 
42 38 56 73 71 60 77 61 67 60 
43 38 62 71 63 73 66 58 57 67 
44 38 12 48 47 28 40 43 31 5 
45 38 56 26 47 30 28 36 54 42 
46 38 55 29 47 30 47 33 46 2 
47 47 78 80 76 83 85 42 76 75 
48 47 78 85 73 88 85 76 86 72 
49 47 78 86 76 85 85 76 76 82 
50 47 71 61 67 68 48 61 79 72 
51 47 60 63 61 65 52 52 57 77 
52 47 68 87 86 70 83 83 72 64 
53 53 75 89 82 83 9] 89 61 67 
54 53 66 52 63 59 42 72 57 67 
55 53 53 28 30 41 60 61 36 6 
56 53 38 8 6 34 22 30 16 9 
57 53 8 2 4 1 17 l 4 | 
58 53 62 48 57 57 48 38 67 63 
59 59 92 71 86 85 75 86 90 77 
60 59 38 66 45 44 47 26 46 62 














—24) 
12. Structure and function of stem in plant 
17. Classification of invertebrate animals 
18. Structure and function of roots in a 
plant 
30. Structure and adaptation of Protozoa 
31. Structure and adaptation of Algae 
32. Structure and adaptation of Coelenter- 
ates 
Detailed study of the grasshopper 
Structure and adaptation of Fungi 
Structure and adaptation of mosses 


33. 
47. 
48. 
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TABLE I—Continued 
61 59 19 31 38 16 36 13 10 48 
62 59 16 22 18 14 28 16 16 23 
63 59 19 10 15 10 8 9 10 18 
64 64 19 18 19 17 8 26 10 20 
65 64 87 77 78 90 75 45 79 90 
66 64 23 46 38 41 52 58 10 36 
t 67 64 36 54 34 54 58 38 49 34 
68 64 28 6 12 20 14 5 22 15 
; 69 64 26 36 52 19 22 22 36 53 
70 64 28 37 42 26 36 22 26 55 
d 71 71 56 43 55 51 60 = 552 57 36 
72 71 44 52 45 51 66 34 56 42 
73 71 86 80 89 81 68 85 79 91 
74 71 78 75 82 75 89 72 73 67 
75 71 73 77 74 79 63 79 73 85 
76 71 41 41 50 35 31 34 45 60 
77 71 25 39 32 30 8 38 36 48 
78 78 47 48 52 4o 60 49 49 36 
79 78 87 73 82 82 89 76 76 77 
80 78 1 16 6 5 8 9 8 4 
81 81 62 48 34 70 57 52 31 51 
82 81 34 29 27 26 31 20 43 34 
83 83 90 90 91 88 85 91 92 84 
84 83 42 32 28 39 22 30 36 55 
85 85 44 15 26 23 31 30 10 25 
86 85 65 88 51 90 80 83 61 75 
87 87 1 20 8 11 42 13 1 5 
88 88 34 46 44 46 63 47 36 29 
89 89 6 5 1 5 2 5 6 5 
90 90 60 54 63 56 69 43 67 50 
91 91 42 22 22 35 42 26 26 29 
92 91 26 35 23 38 52 38 22 15 
’ 61. Adaptations of Amphibia (frogs) 75. Structure and adaptations of Mollusks 
68. Vaccines and serums in control of dis- 79. Structure and adaptations of Round- 
ease worms 
69. Improvement of animals by controlled 
inheritance IV. Very Low Interest Group (difference —25 
70. Various theories of evolution and below) 
82. Structure of Amphibia (frogs) 24. Using scientific naming in classification 
85. Organization of tissues, organs, and 83. Detailed study of the crayfish 
systems 
III. Low Interest Group (difference —8 to The second group of data studied was 


the interests of the pupils in the sample 
in relation to their grades received at the 
end of the first semester (Biology !). 
Again, the differences between the Yes and 
No marks were computed. In this case, 
since the size of each group was thirty, the. 
Critical Ratio, as described previously, was 
found to be +5.5. Hence, it was assumed 
that all values of +6 and above and —6 


49. Structure and adaptation of ferns and below were statistically significant in 
53. Classification of various kinds of plants . ,. .. : 1 all 
59. Structure and adaptation of Annelids indicating high or low interests, or lack o 
65. Structure and adaptation of Echino- interests. 


derms 
Structure and adaptations of Porifera 
Structure and adaptations of Flatworms 


73. 
74. 


In order to make a comparison of in- 
terests among these four groups, the actual 
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Item 


4. Mendel’s laws and principles 
of inheritance 


6. Problems of human inherit- 
ance 


7. Evidence of change over the 
ages 


9. Sense organs and sensations 


in the body 


13. Nervous system and control 
of the body 


14. Organisms that cause dis- 
ease in man 


15. Process of reproduction in 
plants and animals 


2 


— 


. Blood and its functions in 
the body 


26. Skeleton and muscles in the 
body 


27. Heart and circulation in the 


body 


34. Effects of alcohol and drugs 
on the body 


35. Body defenses against dis- 
ease germs 


40. Protective adaptations of va- 
rious animals 


BroLtocy INTERESTS 


Degree 








negative 


— 
un 
un 


of Interest 
AAAAAAAAAAAAAAA 
BBBBBBBBBBBB 

CAAA AMA 

DDDDD 
AAAAAAAAAAAAAAAA 
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AAAAAAAAAAAAAAAAA 
BBBBBBBBBBBBBBBBBB 
AAA AMAAAAAAMA 
DDDDDDDDD 
AAAAAAAAAAAAAAA 
BKBBBBBBBBBB 
CCCCCCCCC 

DD 
AAAAAAAAAAAAAAAAAAAA 
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DDDDDDD 
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positive 
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AAAAAAAAAAAAAAAA 
41. Balance of living things in BBBBBBBBBBBBBB 


nature CCCCC 
DDDDDDDDDDDD 


AAAAAAAAAAAAA 
56. Personal hygiene and health BBBBBBB 
CCCCCCCCC 
| DDDDDDDDDDDD 
AAAAAAAAAAAAAA 
57. Various types of diseases of BBBBBBBBBBBBBBBBBBB 
the human body CCCCCCCCCCCCC 
DDDDDDDDDDDDDDDDDDDD 


AAAAAAAAAAAA 
62. Vaccination and tests for im- BBBBBBBBBBBBB 


munity CCUCEUCCA 
DDDDDD 


u 
> 





|} AAAAAAAAAAAAAAAA 
63. Use of chemical drugs and BBBBBBBBBBBBBBB 
antibiotics in disease COCECCCCEL 
DDDDDDDD 


AAAAAAAAAAAAAAAA 
64. Life processes and functions BBBBBBBBB 

of living things CCCCCCCCCC 
DDDDDDD 
AAAAAAAAAAAAAAA 
68. Vaccines and serums in con- BBBBBBBBBBBBBBBBB 

trol of disease CCCCOCCC 
DDDDDDDDD 


AAAAAAAAAAAAAAAA 
80. Adaptations of mammals BBBBBBBBBBBBBBB 
CCCCCCCCCCC 
; DDDDDDDDDDDDDDDDDDD 
AAAAAAAAAAA 
82. Structure of Amphibia BBBBBBBBBBB 
CCCC 
D 
AAAAAAAAAAA 
85. Organization of tissues, or- BBBBBBB 
gans and systems CCCCCCCCCC 
DDDDD 


AAAAAAAAAAAAAAAAAAAA 
. Structure of mammals BBBBBBBBBBBBBBBBB 
CCCCCCCCCCCC 
DDDDDDDDDDDDDDDDD 
AAAAAAAA 

. Structure of reptiles BBBBBBBBB 

CCCCCCC 

DDD 

AAAA 

. Economic importance of rep- BBB 

tiles to man COCCCCCC 

DDDDDDDDD 


x 


.= 


9 


— 


~ 


92 
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Item 


3. Digestion of food in the 


bc ody 


factors of the en- 
governing life 


8. Physical 
vironment 


bo 


2. Ductless glands and _ their 


function in the body 


w 


36. Darwin's theory of evolution 


44, Adaptations of birds to dif- 
ferent ways of life 


46. Waste products and excre- 
tion in the body 


58. Improvement of 
through controlled 
itance 


plants 
inher- 


60. Structure of a fish 
61. Adaptations of 


Amphibia 


67.Economic importances of 
birds to man 


69.Improvement of animals 
through controlled inher- 
itance 


70. Various theories of evolu- 


tion 


76. Adaptations of fish 


77. Structure of birds 


84. Adaptations of reptiles 


88. Economic importances of 


fish to man 


BIOLOGY 


INTERESTS 


Degree of Interest 
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Figure 2 
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2. Medium Interests of Four Grade Groups 
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47 
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4 


oO 


49. 


st 
ios) 


59 


79. 


7 
& 


. Structure 


. Structure 


. Using 


. Classification of 


Item 
and function of 


roots in plants 


and function of 


flowers in plants 


scientific names in 


classification 


. Detailed study of the grass- 


hopper 


. Structure and adaptations of 


Fungi 


. Structure and adaptations of 


mosses 


Structure and adaptations of 
ferns 


various 
types of plants 


. Structure and adaptations of 


Annelids 


5. Structure and adaptations of 


Echinoderms 


. Structure and adaptations of 


Porifera 


. Structure and adaptations of 


Flatworms 


Structure and adaptations of 
Roundworms 


3. Detailed study of the cray- 


fish 
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Degree of Interest 
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difference+6, as the case might be, was 
determined for each item. These results 
are graphically indicated in Figures 1, 2, 
and 3. The items are given, arranged in 
the order of emphasis found in the text- 
book analysis. For each item the statisti- 
cally significant degree of interest, or lack 
of interest, is shown by the length of the 
bars. To differentiate between the specific 
interests of the four groups, the A Group 
is indicated by a series of A’s (AAAAA) 
the B Group by a series of B’s (BBBBB), 
the C Group by a series of C’s (CCCCC), 
and the D Group by a series of D’s 
(DDDDD). It cannot be assumed from 
the treatment of the data that a bar that 
is twice the length of another indicates 
twice as much interest. The only inter- 
pretation which may safely be made is 
that a long bar indicates a high interest, 
or lack of interest, and a shorter bar indi- 
cates a lesser amount. 

To emphasize the degrees of interest 
for the various items, three Figures are 
shown. Figure 1 indicates the high in- 
terests, in which all four grade groups 
agreed, Figure 2 shows the medium in- 
terests, in which there was some agree- 
ment in the four groups, and Figure 3 
presents the low interests, on which the 
four groups were in definite agreement. 
Items for which bars are not shown are 
those in which the difference between Yes 
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and No answers were not statistically sig- 
nificant. 

Although this study treated a very small 
sample of biology pupils in one high school, 
several interesting conclusions seem to be 
apparent. 

1. There 


between the emphasis given topics by text- 


was no consistent correlation 


book writers and the expressed interests 
of pupils. 
the data 


treated, there was, in most cases, a high 


2. Regardless .of how was 
agreement between various categories and 
the likes 
specific items listed on the questionnaire. 


groups in and dislikes for the 

3. In general “A Group” pupils were 
most inclined to express interest in topics 
in agreement with emphasis in textbooks, 
and the “D Group” was least inclined to 
agree with the emphasis in textbooks. 

4. The higher the grade received in first- 
semester biology, the greater the number 
of expressed interests in topics appeared 
on the questionnaires. 

5. No hard and fast conclusions should 
be drawn from this study until a wide 
geographic sampling of pupils is studied. 
What may be true in this local situation 
may not be true in others. It would be of 
value to extend such a study as a com- 
mittee project sponsored by one of the 
national science teaching organizations 


TYPES OF CURRICULAR STUDIES IN SCIENCE TEACHING 


Sam S. Blanc 
Gove Junior High School, Denver, Colorado 


a the very beginning of science teach- 
ing, interested workers have tried to 
determine what should be included in the 
curriculum for various levels of instruc- 
tion. There has always been authority 
based on past practices; but more recently 
there has been speculation and discussion 
of aims, sequence, scope, content, and in- 


tegration based on empirical observation 
of practices in the schools. Within the last 
fifty years a number of scientific studies 


have been carried on in an attempt to 
determine answers to some of these 
questions. 


Curricular studies which have been car- 
ried on in the field of science teaching 
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might, for the purpose of this discussion, 
be considered under the following six 
categories. 


1. Studies to determine the aims which govern 
the teaching of the various fields of science. 

2. Studies to determine the subject matter con- 
tent which is being taught. 

3. Studies to determine the relative stress 
placed upon the topics in the course of study. 

4. Studies to determine the appropriateness of 
the teaching materials to the students. 

5. Studies to determine the integration of sci- 
ence learnings between the various levels of 
instruction. 

6. Studies to determine the interests of chil- 
dren in science at different levels of instruction. 


Studies to determine the aims which 
govern the teaching in the various fields 
of science include analyses of prefaces 
of textbooks,’ questionnaire surveys of 
schools,” recommendations of professional 


committees ,? 


and ratings of objectives: by 
experts. The importance of aims as goals 
of instruction cannot, of course, be dis- 
counted. This type of research which has 
yielded authoritative lists of aims has un- 
doubtedly performed a valuable service. 
But having a list of aims or goals alone 
does not enable the teacher to perform an 
effective job in the classroom. What is to 
be included in the scope of the course and 
the sequence in which the material is to 
be presented are important considerations 
for the thoughtful teacher. 

Studies to determine the subject matter 
content which is being taught include 

tAda L. Weckel, “Are Any Principles of 
Organization of General Science Evidenced by 
the Present Textbooks in the Subject?” School 
Science and Mathematics, 22:44-51, January, 
1922. 

2G. W. Hunter and L. Spore, “The Objectives 
of Science in the Secondary Schools of the 
United States,” School Science and Mathematics, 
43 :633-47, October, 1943. 

8 V. H. Noll and others, “Science Education in 
American Schools,” Forty-Sixrth Yearbook of 
the National Society for the Study of Education, 
Part I. Chicago: University of Chicago Press, 
1947. 

4L. M. Bergen, “Objectives of Science Teach- 
ing,” School Science and Mathematics, 31 :550- 
59, May, 1931. 


analyses of courses of study,® and analyses 
of textbooks. Usually, it is the purpose 
of textbook studies to determine the rela- 
tive importance of the various elements of 
subject matter by enumerating the actual 
amounts of textual material,® of illustra- 
tions and graphic materials,’ or of the 
number of concepts presented in the text- 
books.* The results of such studies are 
undoubtedly of considerable interest. But 
there are at least two reasons why such 
data should not exert too great an influence 
upon curricular construction. First, the 
same educational conservatism which im- 
pels many teachers to teach only what is 
in the textbook, may lead the workers mak- 
ing these studies to conclude that the ma- 
terials which have been included in the 
textbooks analyzed are the materials which 
should be continued to be taught. Second, 
the mere knowledge that certain topics or 
concepts have received major stress in the 
past in the more widely used textbooks is 
in itself no criterion for assuming that 
these same elements are especially well 
suited to the grade level or the interests of 
the pupils. Such studies in themselves, 
offer little help in curricular progress and 
improvement. 

Studies to determine the relative stress 
placed on topics in the course of study have 
consisted chiefly of analyses of College 
Entrance Board Examinations.® These 

5C. M. Pruitt, “Status of General Science as 
Revealed through State and City Courses of 


Study,” General Science Quarterly Journal, 12: 
367-81, January, 1928. 

6T. C. Davis, “Analysis of the Subject Matter 
in Eight Most Widely-Used Textbooks in Gen- 
eral Science,” School Science and Mathematics, 
31 :707-14, June, 1931. 

7D. O. Weaver, “A Quantitative Study of 
Recent General Science Textbooks,” (unpublished 
Master’s thesis, The University of Denver, Den- 
ver, Colorado, 1937). 

8D. C. Pettit, “The Content of Junior High 
School Science,” School Science and Mathematics, 
40 :643-54, and 763-77, October, and November, 
1940. 

9E. R. Glenn and I. L. Brookmeyer, “An 
Analysis of College Entrance Board Examina- 
tions in Physics,” School Science and Mathe- 
matics, 23 :459-70, May, 1923. 
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examinations were believed by some in- 
vestigators not only to reveal the items 
most strongly emphasized in teaching, but 
also to indicate more truly than any other 
data those items which educators on the 
college level believed to be most impor- 
tant and of the greatest value in the courses 
that are taught on the secondary level. As 
a basis for determining the scope and se- 
quence of general science courses this 
method has obvious defects. It presents 
the most authoritarian approach to cur- 
riculum construction possible. 

Studies to determine the appropriate- 
ness of teaching materials to the pupils for 
whom the materials are intended were 
divided into two major approaches. First, 
the determination of what scientific terms 
occur in the literature which the pupil is 
apt to encounter in his daily life was used 
as an index of the terms with which his 
science course should familiarize him.’° 
Second, the analyses of the vocabulary dif- 
ficulties of the textbooks which the pupil 
used in science have been determined by 
a word count of the words or terms which 
are not found among the most frequently 
used English words, as indicated by a 
standard work list for that grade level,” 
This type of study has value in helping 
the teacher correlate the vocabulary of the 
science learnings with the daily usage by 
the pupils. : 

Studies to determine the degree of in- 
tegration between the various levels of sci- 
ence teaching also fall into two divisions. 
First, investigations on how well junior 
high school science integrated with the 
materials taught in the elementary school 
have been carried on.’* Second, a number 
of studies have been made of the place 

10B. J. Novak, “Science in the Newspaper,” 


Science Education, 26 :138-43, October-November, 
1942. 

11S. R. Powers, “The Vocabulary of High 
School Science Textbooks,” Teachers’ College 
Record, 26:368-82, January, 1925. 

12H. O. Matteson and P. E. Kambly, “Knowl- 
edge of Science Possessed by Pupils Entering 
Seventh Grade,” School Science and Mathematics, 


40 :244-47, March, 1940. 
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of junior high school science in relation to 
the specialized sciences taught in the senior 
high school." The chief value of this type 
of study has been to emphasize the need 
for a curricular organization in science 
which is based on the concept that children’s 
interests in what they are studying at pres- 
ent are closely related to their past experi- 
ences in the area. No course is a separate 
and unique phase of study in itself. Powers 
expresses this thought in the following way : 

The suggested pattern for curricular organiza- 
tion is one which gradually unfolds increasingly 
enlarged interpretations in sequential order, 


paralleling the growth in maturity of the learner 
and his increasing ability to envisage them." 


Pieper supports this point of view by 
stating that: 

The science courses of the Seventh, Eighth, 
and Ninth grades should be considered as an 
integral part of the program of science instruc- 
tion for the periods of elementary and secondary 
education. The science on this level should, on 
the one hand, be built upon and comprehend the 
science of the first six grades; it should, on the 
other hand, serve as a basis for, and orientation 
into, the special sciences of the high school for 
those pupils who continue beyond the Ninth 
grade.) 


Valuable as the various types of investi- 
gations have been up to this point, it seems 
that the real implication of the problem of 
curricular construction has been over- 
looked. All of the types of studies cited 
so far have dealt with the external factors 
influencing and affecting what the pupil is 
being taught. Very little has been done to 
scientifically discover the areas and topics 
in which the pupils are actually interested 
and which they would like to study. Hence, 
studies to determine the science interests 
of children comprise a very important 
aspect of the many studies which have been 
carried on in the teaching of science. 

13H. A. Carpenter, “Results of a Three-Year 
Science Sequence in Junior-High-School Grades,” 
Science Education, 17 :183-92, October, 1933. 


14S. R. Powers and others, “A Program for 
Teaching Science,” Thirty-First Yearbook of the 
National Society for the Study of Education, 
Part I (Bloomington, Illinois: Public School 
Publishing Company, 1932), pp. 50-51. 

15 Tbid., p. 193. 
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Since science interests studies will be 
treated in detail in a following article, it 
is’sufficient to point out that several ap- 
ptoaches to this problem have been made. 
First, the analysis of interests as revealed 
by pupils’ questions about, or reactions to, 
certain scientific objects formally presented 
for their inspection have been made.'® 
Second, analyses of scientific questions sub- 
mitted for publication in children’s maga- 
Third, ques- 
tions which pupils ask their teachers about 
science have been tabulated. Fourth, 
questionnaire surveys of pupils’ likes and 
science have been studied.’” 
And fifth, children’s science interests have 


zines have been conducted." 


dislikes in 


been analyzed in terms of their choice of 
reading materials.*° 

16C, W. Finley, “Some Studies of Children’s 
Interests in Science Materials,” School Science 
and Mathematics, 21:1-24, January, 1921. 

17E, R. Downing, “Children’s Interests in 
Nature Materials,” Nature Study Review, 8 :334- 
38, December, 1912. 

18E. L. Palmer, “How to Meet Some of the 
Children’s Nature Interests,’ Nature Study Re- 
view, 18:23-30, January-February, 1922. 

19C. H. Nettels “Science Interests of Junior 
High School Pupils,” Science Education, 15 :219- 
25, May, 1931. 

20 Vivian D. Von Qualen and P. E. Kambly, 
“Children’s Interests in Science as Indicated by 
Choice of Reading Materials,” School Science 
and Mathematics, 45 :798-806, December, 1945. 
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In summarizing the science interest 
studies which have been 
is possible to divide these into two groups. 
The investigations carried on up to about 
1925 dealt chiefly with trying to determine 
the topics and natural phenomena in which 
children were interested. Extensive tabu- 
lations were made of the relative interests 
at different grade levels in animal life, plant 
life, and physical materials. Groupings of 
interests for the animate specimens were 
made under the headings of identification, 
life habits, life history, adaptations, and 
structures. The chief contribution of these 
sarlier studies was to point out that chil- 
dren were interested in science materials, 
that these interests were greatly varied, 
and that there was a definite difference in 
major interests of boys and girls. 

The studies carried on during the last 
twenty-five years have had, in most cases, 
a more pragmatic purpose. On the basis 
of these investigations, courses of study 
were set up, permanences of interests were 
determined, progressions of interests were 
analyzed, and general applications have 
been made in the study of - adolescents. 
Newer techniques have been developed to 
obtain science interests, and _ statistical 
manipulations have been employed to verify 
the results of the observations. 


made to date, it 


CRITICAL REVIEW OF SCIENCE INTEREST STUDIES 


SAM 


S. BLaAnc 


Gove Junior High School, Denver, Colorado 


VW JITHIN the last fifty years a number 
of investigations have been carried 
on to determine the interests of pupils in 
science. It is readily admitted that by tak- 
ing cognizance of the interests of pupils the 
teacher can plan a more vital educational 
program. It is a truism in education that 
pupils will enjoy and accomplish more by 





. 


doing those things in which they are inter- 


ested. Hunter emphasizes this point by 


stating : 


It is evident that, as native interests in animate 
and inanimate nature can be utilized, much can 
be done toward the organization of subject mat- 
ter which will be taken over whole-heartedly by 
the pupil. Science study must be practical to be 
interesting to young people. It must be kept in 














fe 


t- 
vy 
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touch with those activities of life that lie nearest 
and closest to the immediate interests of the boys 
and girls of secondary school age.1 


As was pointed out in the previous sec- 
tion, a number of studies have been under- 
taken to discover these science interests in 
children. More research studies have been 
undertaken with younger children in the 
elementary grades than with children on 
the secondary level. However, since all of 
these investigations have a general bearing 
on the problem, a number of the more im- 
portant studies at all grade levels will be 
described. 

In 1904, Trafton ? undertook to discover 
the knowledge and interests in nature ob- 
jects of fourth, fifth, sixth, and seventh 
grade pupils in the Passaic, New Jersey, 
schools. This study was first reported in 
a publication of the school system. Unfor- 
tunately, it did not attract wide attention 
until it was reprinted in full, in 1913, in 
the Nature Study Review. He ques- 
tioned about 1,000 children to find out 
what they knew about the wild animals 
and native plants in the surrounding area. 
From these questions he was able to deter- 
mine that the children had a limited knowl- 
edge of these forms of wildlife. He found 
also, that in adapting the subject matter 
of nature study to children’s interests, such 
factors as size or color serve well as enter- 
ing wedges leading to further study of these 
various living things. 

Mau* made a study in 1912, of the 
interests of Kindergarten and primary 
grade children in the Chicago Schools in 
scientific specimens. She allowed the chil- 
dren to see such objects as a bird, a plant 
with berries, a toy engine, etc., and asked 

1G. W. Hunter, Science Teaching at Junior 
and Senior High School Levels. (New York: 
American Book Company, 1934), p. 82. 

2G. H. Trafton, “Children’s Interests in Na- 
ture Materials,” Nature Study Review, 9:150-60, 
September, 1913. 

8’ Laura E. Mau, “Some Experiments with Re- 
gard to the Relative Interests of Children in 
Physical and Biological Nature Materials in 


Kindergarten and Primary Grades,” Nature Study 
Keview, 8 :285-91, November, 1912. 
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each child to whisper the questions aroused 
to her. Since no leading questions were 
asked, a rather accurate analysis of the 
children’s interests and attitudes towards 
animal life, plant life, and inanimate objects 
was obtained. She was able to conclude 
that the order of interests for boys seemed 
te be animal life, physical objects, and 
plant life; and for girls the order of in- 
terest was animal life, plant life, and physi- 
cal objects. She also found that there was 
increasing interest in animal life in the 
clder children, and the awakening of new 
interests was very marked in grade three. 

Considering the fact that this study was 
made over forty years ago, the viewpoint 
which Mau expresses on the types of mate- 
rials suitable for science teaching is very 
significant : 

In terms of materials, then, we can say that the 
pupil should have “active” materials, i.e., mate- 
rials with which he may construct, create, and 
actively inquire. The child’s instinct to nurture, 
to protect, and to control should be fostered in 
the care of plants and animals. It is funda- 
mental that the age of the pupil must be consid- 
ered in selecting animals and plants for him to 
study. The instinct to make, to create, and to 
explore should be encouraged in the physical 
nature materials, simple physical experiments, 
and the field trip. The crucial thing is that the 
experience be real in relation to real life 
processes that interest the child. No amount of 
verbalism can give the pupil the elements neces- 
sary for constructive thinking on which the suc- 
cess of general science depends, and on which 
the very progress of science in life depends.* 


In the same year Downing® made an 
analysis of the questions in science sent in 
by children, averaging about twelve years 
in age, to St. Nicholas magazine from 
November, 1899 to April, 1912. By classi- 
fying the questions he was able to deter- 
mine whether children of that age group 
were more interested in animal, plant, or 
physical materials in nature study. He 
also attempted to find out in what phases 
cf these materials they were most inter- 
ested. His conclusions were that children’s 


4 Ibid., pp. 290-91. 

5E. R. Downing, “Children’s Interests in Na- 
ture Materials,” Nature Study Review, 8 :334-38, 
December, 1912. 
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major interests were in animals, and the 
questions seemed to signify the desire to 
find out the causes which operate to pro- 
duce the actions of animals rather than the 
ultimate reasons in each case. 

In 1920, Finley® surveyed the science 
interests in animals of 1,716 children in 
grades one to eight in thirteen schools. 
His technique was to display a live “mud- 
puppy” which the children had never seen 
before, and to allow the children to write 
out their questions. In the first two grades 
the children whispered their questions to 
the teacher. These questions were tabu- 
lated and grouped under the headings of 
name, food, adaptations, habits, etc. In 
the report of the study the following con- 
clusions were given. Children were most 
interested in the name of the animal and 
in its structure. Little interest was shown 
in the geographic distribution or the habits 
of the animal. 

Palmer * made a study in 1921, to find 
out the nature interests of children as re- 
vealed by their daily questions. He pub- 
lished a request on the last page of the 
Cornell Rural School Leaflet for Septem- 
ber 1921, to teachers to send in all nature 
study questions which were asked by their 
pupils. A summary was made of the first 
500 questions received. These were classi- 
fied as to areas and topics of interest. It 
was found that the most frequently re- 
curring type of question asked about ver- 
tebrate and invertebrate animals was con- 
cerned with their habits. More questions 
concerning taxonomy were asked in rela- 
tion to herbaceous and fungus plants. The 
greatest number of questions asked dealt 
with plant physiology. 
| In 1923, Pollock * carried on a study to 

6C. W. Finley, “Some Studies of Children’s 

Interests in Science Materials,” School Science 
and Mathematics, 21 :1-24, January, 1921. 

7E. L. Palmer, “How to Meet Some of the 
Children’s Nature Interests,” Nature Study Re- 
view, 18:23-30, January-February, 1922. 

8C. A. Pollock, Children’s Interests as a Basis 
for What to Teach in General Science. (Colum- 
bus, Ohio: Ohio State University, Educational 

Research Bulletin, Vol. 3, No. 1, 1924), pp. 3-6. 
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determine the basis for selection of text- 
books and supplementary reading materials 
for general science pupils. Three thousand 
five hundred questions were sent in by 
eighth grade children in thirteen schools. 
These were classified and grouped under 
119 interest headings. It was found that 
while there was considerable overlapping, 
there were many interests of girls not ex- 
pressed by boys and vice versa. The range 
of interest in science topics among the 
girls was ten per cent greater than among 
the boys. 

In 1924Columbia University published 
a study made by Curtis ® 
interests of children 


in which science 
and adults were 
grouped by frequency around major topics 
in science. The results showed that boys 
were more interested in technical processes 
and theories than girls, and girls were more 
interested in biological topics. The range 
of interests of the girls exceeded that of 
the boys by 12.4 per cent. A close cor- 
relation was found between the interests 
of boys and men, and the interests of girls 
and women 

Two research studies in this field were 
completed in 1927. Craig '® made an ex- 
tensive study in order to establish a scien- 
tific basis for the science courses taught at 
Horace Mann Elementary School. He first 
established a series of 82 objectives based 
on predetermined criteria. He then secured 
7,000 questions in science from about 2,000 
boys and girls of elementary school age. 
These questions were evaluated and classi- 
fied as an indication of the needs of these 
children. By correlating these two sources 


of evidence he was able to synthesize a 

®F, D. Curtis, Some Values Derived from 
Extensive Reading of General Science. (Teachers 
College Contributions to Education, No. 163. New 
York: Teachers College, Columbia University, 
1924). 

10G. S. Craig, Certain Techniques Used im 
Developing a Course of Study in Science for the 
Horace Mann Elementary School. (Teachers 
College Contributions to Education, No. 276. New 
York: Teachers College, Columbia University, 
1927). 
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course of study in science for the school. 

Thompson ™ carried on a study to in- 
vestigate the science interests of 1,454 
eighth and ninth grade pupils in the junior 
high schools of Long Beach, California. 
His technique was to give out a mimeo- 
graphed sheet to each pupil containing a 
list of 160 science topics which had been 
covered in the year’s work. Each student 
was asked to check the ten most interest- 
ing and the ten least interesting topics on 
the list. These responses were tabulated 
by topics to indicate a measure of the sci- 
ence likes and dislikes of boys and girls at 
those grade levels. 
terests differed 


It was found that in- 
with age levels. JV Boys’ 
interests centered about modern inventions, 
wonders of nature, and sports and hobbies. 
Girls’ interests 
astronomy, 
topics. 
to be interested in commonplace topics or 


directed towards 
study, and aesthetic 
Neither boys nor girls were found 


were 
nature 


in strictly vocational areas. 

Stevenson’s study ' in 1929, carried on 
school of the San 
Jose State Teachers’ College, California, 


in the demonstration 


analyzed the compositions written by 119 
elementary school children in grades four 
to six. These pupils had seen, rated, and 
asked questions about different nature ob- 
jects a week before they were asked to 
write the compositions. These papers acted 
as a check on the earlier interests observed 
and gave clues to more detailed science atti- 
tudes. The results indicated that children 
were interested mostly in live animals, and 
that interests of children vary with age. 

Nettels }* made a study in 1931, of the 
interests in science of 1,067 pupils in the 
His 


method called for each pupil to write out 


seventh, eighth, and ninth grades. 


11R. H. Thompson, “A Study of the Interests 
of Junior High School Students in Science” (un- 
published Master’s thesis, The University of 
Southern California, Los Angeles, 1927). 

12E, M. Stevenson, “Children’s Nature Inter- 
ests,” Elementary School Journal, 32:276-84, De- 
cember, 1931. 

13C, H. Nettels, “Science Interests of Junior 
High School Pupils,” Science Education, 15 :219- 
25, May, 1931. 
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five different things in science they wanted 
to learn about. One hundred seventy-eight 
interests were listed, and his summary 
showed that a consideration of the ques; / 
tions asked by pupils of superior, average, 
and dull ability revealed few instances of 
significant differences in the progressive 
increase or decrease of interest with in- 
crease of intelligence. The dominant in- 
terests of boys were in chemistry, astron- 
omy, animals, aviation, and electricity. The 
chief interests of girls were in astronomy, 
animals, plants, chemistry, and the human 
body. 

The study made by Mahoney * in 1933, 
analyzed 6,561 questions collected from 
2,534 children in the fourth, fifth, and sixth 
grades in Flint, Michigan. She used stand- 
ard sampling techniques, and tried to deter- 
mine the kinds of science interests and the 
progression of interests displayed by chil- 
dren in each grade. By organizing and 
classifying these interests under suitable 
headings she was able to conclude that 
these children were, as a whole, more 
interested in biological than in physical 
sciences, that live animals were more in- 
teresting to them than mounted specimens, 
and that the chief phases of biology in 
which the children interested 


were were 


physiology and morphology. 


The Fitzpatrick study,” published in 
1936, was both a study of interests and 
of pupil testimony. Groups of students of 
different ages checked lists of words at 
spaced intervals in which a particular sci- 
ence topic was expressed in several equiva- 
lent ways. This technique of expressing 
interest and correlating the reliability of 
several applications attempted to estab- 
lish the strongest and most persistent in- 


terests of the pupils. The results indicated 


14 Helen M. Mahoney, “A Study of the Scien- 
tific Interests of the Fourth, Fifth, and Sixth 
Grade Children of the Public Schools of Flint, 
Michigan” (unpublished Master’s thesis, The 
University of Michigan, Ann Arbor, 1933). 

15F, L. Fitzpatrick, Science Interests (New 
York: Teachers College, Columbia University, 
1936). 
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interests in human anatomy, disease, and 
astronomy. This study also showed that 
there was a permanence of interest and 
specific preferences only in the stronger 
interests of the pupils tested. 

Wolford '® made an extensive study in 
1938, of interests of eighth grade pupils 
in science topics. He studied the reading 
interests, science interests, and activity in- 
terests of these pupils. 
average of these three analyses with an 
analysis of science topics in eight general 
He found that the 
greatest interests were in the things deal- 


He correlated the 


science textbooks. 
ing with securing a living in the region, 
and many questions were asked concerning 
the theoretical side of things rather than 
the practical. 

Ruffner’s study '* in 1939, attempted to 
measure the pupils’ interests in general 
science, and to measure interest changes 
within a definite period of time. Using two 
parallel ninth grade groups, a questionnaire 
containing 108 items was checked on a five- 
point interest scale. She found that in- 
terests in most areas of science were stable 
and permanent. An attempt was made to 
present a statistical proof by testing for the 
significance of differences between the two 
groups used. Unfortunately, the technique 


used was not clear, and it is doubtful 


whether any real conclusions may be drawn 
from this part of the study. 

J Zim 18 published a report of a compre- 
hensive series of investigations into science 
interests of adolescents in 1940. The study 
was begun in 1934 as a part of the research 


program of the Commission on Secondary 


16 Feaster Wolford, “Methods of Determining 
Types of Content for a Course of Study for 
Eighth Grade Science in the High Schools of 
the Southern Appalachian Region,” Science 
Education, 22:197-99, April, 1938. 

17 Frances E. Ruffner, “Interests of Ninth 
Grade Students in General Science” (unpublished 
Master’s thesis, The University of Buffalo, Buf- 
falo, New York, 1939). 

18H, S. Zim, Science Interests and Activities 
York: Ethical Culture 


of Adolescents (New 
Schools, 1940). 
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School Curriculum of the Progressive Edu- 
cation Association. As a unit in the study 
of adolescents, this investigation attempted 
to explore the typical science interests and 
activities and to interpret their significance 
to these young people. The method used 
included a_ science-interest questionnaire, 
a composition analysis, a science-exhibit 
study, a film-choice questionnaire, a won- 
dering-questions checklist, and an analysis 
of science-fair application forms. The gen- 
eral conclusions reached in this study were 
as follows: 

1. Although there is evidence that in- 
terests change gradually with age during 
the adolescent period, these interests are 
permanent enough to warrant their use in 
curriculum construction. 

2. School science does not seem to be 
an important source of adolescent science 
interests; many of these develop through 
outside activities which are thus potential 
sources of education. 

3. Both sexes exhibit a strong interest 
in topics related to health, growth, and 
reproduction, but, in general, boys are more 
interested in electricity and mechanics, 
while girls show a preference for biological 
aspects of science. 

4. Certain science areas are more pro- 
ductive of specific adolescent interests than 
other areas. 

5. The science interests of adolescents 
are specific rather than general. 

6. Adolescent boys are about five times 
as active in science as girls. 

Drill, in a study of children’s interests 
in science made in 1945, attempted to ob- 
tain reasons for interest in certain topics. 
On the basis of 47,330 contributions sub- 
mitted by 10,453 children the following 
conclusions were reached : 

1. Forty per cent of all the contributions 
throughout the grades indicated interest in 
science phenomena. 

2. Boys shower greater interest in sci- 
ence than girls. 

3. A slight advantage was shown in 
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favor of biological sciences over physical 
sciences. 

4. Seventh and eighth grade children 
showed keen interest in maintaining health. 

5. Children were interested in specific 
science items rather than in scientific gen- 
eralizations.’” 

In the same year, Von Qualen and 
Kambly 7° investigated the science interests 
cf children in grades four to six from their 
choice of reading materials. They found 
that girls were least interested in plants, 
astronomy, 
electricity. 


sarth’s crust, magnetism, and 
Soys showed least interest in 
conservation, astronomy, weather, plants, 
light, and earth’s crust. All pupils were 
most interested in ancient animals, science 
iii industry, transportation, and _ living 
animals. 

Paterson made a study in 1947, to de- 
termine what effect the environment had 


He 


selected ten major concepts present in the 


on the science interests of children. 


science textbooks used and selected a series 
of correlated pictures for these concepts. 
A total of 276 children in three areas of 
the city were asked to select those pictures 
which they would like to learn about. 
These selections were used as an index of 
interests in science concepts. After lengthy 
statistical analyses of the data the following 
conclusions were reached : 


1. Local environment had practically no 


influence on the science interests of the 
children in the study. 
2. Boys showed the greatest interest 


in conservation, chemical and _ physical 


changes, and forms of energy. 
3. Girls showed the greatest interest in 
life, health and safety, and conservation. 


19 Edna Drill, “A Study of Science Interests 
in Certain Elementary School Children of New 
York State as Revealed in their Free Discussion 
Periods” (unpublished Doctor’s dissertation, 
Cornell University, Ithaca, New York, 1945). 

20 Vivian D. Von Qualen and P. E. Kambly, 
“Children’s Interests in Science as Indicated by 
Choice of Reading Materials,” School Science 
and Mathematics, 45:798-806, December, 1945. 
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4, In each grade, the science interests 
of the bright, average, and slow children 
were different.” 

Cross ** reports a different technique for 
determining the interests of science students 
in biology, physics, and chemistry in a re- 
cent study made at Columbia University. 
Using forty-four graduate students enrolled 
in a course on the teaching and supervision 
of science, he read a stateiment, “I think 
Biology is * and then read off 
fifty descriptive terms related to this sci- 
ence field at the rate of one per second. 
The group checked each term as to like 
or dislike. The same set of terms, in dif- 
ferent order, was used with a similar state- 
ment for each of the other two fields of 
science. By analyzing the reactions of the 
students to each term, the relative interests 
in the three fields of science were deter- 
mined. 
with 
science interests of pupils was the study 
reported by the author in 1951.*% 


The most recent work concerned 
A survey 
was made of 500 pupils, in a carefully se- 
lected sampling, in three junior high schools 
in Denver, Colorado. A 205 item question- 
naire of science items was checked as to like 
or dislike by the pupils. The results were 
analyzed on the basis of the three grade 
levels, seventh, eighth, and ninth, and on 
the basis of the responses by the boys and 
The 


sented graphically for eight areas of Bio- 


girls separately. results were pre- 


logical Science, eight areas of Physical 
Science, and four areas of Social Science. 

It was found that pupils in the seventh, 
eighth, and ninth grades, as represented in 


the sample selected, were interested in sci- 


21 Henry F. Paterson, “A Technique for De 
termining the Science Interests of Children of 
the Intermediate Grades of Quincy, 
chusetts” (unpublished Master’s thesis, 


Massa- 
Be »ston 


University, Boston, Massachusetts, 1947). 
22W. B. Cross, “A Procedure for Investi- 
gating Attitudes towards the Sciences,” The 


Teaching Scientist, 4:25-29, January, 1948. 

23Sam S. Blanc, “Science Interests of Junior 
High School Pupils,” School Science and Mathe- 
matics, 51:745-52, December, 1951. 
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ence. The level which showed the highest 
over-all interest in science topics was the 
seventh grade. The ninth grade was sec- 
ond, and the eighth grade was third. There 
were a number of differences in the specific 
areas of interest between boys and girls, 
but, in general, there was more agreement 
than disagreement on what both boys and 


The 


girls would like to study in science. 
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field of interest which was of greatest in- 
terest to pupils at all levels was Physical 
Science. Biological Science showed almost 
as high an interest level in the seventh 
grade, but became less important to the 
pupils in the ninth and eighth grades, re- 
spectively. The social implications of sci- 
ence rated a poor third in the interests 
expressed by pupils at all levels. 
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Sam S. Bianc, Joun W. Low Anp GEorcE E. 


MATHES 


Denver Public Schools, Denver, Colorado 


eet of courses of study in sci- 
ence was obtained by using the ma- 
terials available from the Denver Public 
Schools Professional Library and the Uni- 
versity of Denver curriculum materials 
laboratory, and by writing directly to the 
selected school systems for their curriculum 
guides. The major criterion in the selec- 
tion of these guides was the date of pub- 
lication and size of city. All guides ex- 
amined were dated since 1950, since it was 
felt that the trends to be considered should 
be the ones most current. 

Unfortunately, incomplete material had 
to be used in a number of cases. That is, 
courses of study for some grade levels in 


a particular school system were missing. 


Follow-up letters to the schools involved 
usually resulted in a reply stating that the 
material was being revised or was not in 
stock and was not available at that time. 
Hence, the results of this part of the study 
will have to be interpreted on the basis of 
a total picture instead of a school-by-school 
Table I shows the distribution 
of grade levels surveyed in each of the 
curriculum guides available. 


analysis. 


METHOD OF ANALYSIS OF THE COURSES OF 


STUDY 


As a basis for the analysis, the field of 
science was divided into the five major 
areas used in the Decker questionnaire, 
Plants and Animals, the Human Body, the 


TABLE I 


DISTRIBUTION OF GRADE LEVELS IN SCIENCE CurRICULUM GUIDES AVAILABLE 


School Systems 
New York, N. Y. 
Chicago, Il. 

Los Angeles, Calif. 
St. Louis, Mo. 
Kansas City, Mo. 
Newark, N. J. 
Indianapolis, Ind. 
Louisville, Ky. 
Jersey City, N. J. 
Syracuse, N. Y. 
Pasadena, Calif. 
Port Arthur, Tex. 
Fort Smith, Ark. 
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the Universe, and Matter and 


Each of these major areas was 


Earth, 

Energy. 
then further subdivided into ten subareas 
or topics around which the understandings 
the 
The following 


to be learned in each of courses of 
study could be grouped. 
outline shows the topics selected for each 


major area: 


A. Plants and Animals 


. Classification and identification 
. Structure and functions 

. Adaptations and habitat 

. Balance and interdependence 

. Habits and behavior 

. Reproduction and growth 

. Heredity and improvement 

. Development and changes 

. Economic values 

. Conservation 


SID Unk Ww iv = 


— ome -) 


B. The Human Body 


1. Structure and functions 

2. Health and nutrition 

3. Hygiene and health habits 

4. Cleanliness and grooming 

5. Allergies and disease 

6. Mental and emotional health 

7. Safety and first aid 

8. Community health 

9. Effects of alcohol, tobacco, and narcotics 
10. Behavior and personality 


Ct 
~ 


The Earth 


. Development of the earth 

. Surface of the earth 

. Composition of the earth 

. Minerals, rocks, and soil 

. Size and shape 

. Air and water 

. Weather and climate 

. Weathering and erosion 

. Resources and use 

. Conservation of natural resources 


COND Un & WY = 


_ 
_~ 


D. The Universe 
1. Observation and direction 
2. The sun 
3. The solar system 
4. Earth and its rotation and revolution 
5. The moon 
6. Eclipses of the sun and moon 
7. Meteors, meteorites, comets, asteroids 
8. Stars and galaxies 
9. Constellations 
0. Astronomical time and measurement 


E. Matter and Energy 
1. Structure and states of matter 
2. Forms and transformation of energy 
3. Mechanics of liquids, gases, and solids 
4. Physical and chemical changes 
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. Machines and work 

. Magnetism and electricity 
. Heat, light, and sound 

. Atomic and nuclear energy 
9. Principles of flight 

10. Rockets and space travel 


oOnNA uw 


The 


surveyed to classify the major units in 


several courses of study were first 


relation to the main topics set up. Each 
basic learning in the courses of study, 


categorized according to the outline above, 
Sev- 
eral curriculum guides grouped the grades 


was tabulated for the level indicated. 


by level, as Primary, Intermediate, and 
Upper Grades. In these cases the tabula- 
tion was indicated for the uppermost grade 
in the sequence. For example, if the “In- 
grades 
4-5-6, the tabulation for the basic learn- 


termediate” classification included 
ings found in that guide were listed under 
grade six only. 

The methods in which the various cur- 
riculum guides were organized, the way 
in which the concepts and basic learnings 
were stated, and the details included varied 
all the way from simple topical outlines to 
multi-volume, detailed resource guides with 
Hence, each unit 
was read carefully in order to try to cap- 


“how-to-do-it” sections. 


ture the full meaning in the minds of the 
authors. As a basic learning was perceived, 
it was classified into the major area and 
topic where it seemed to belong. Of course, 
there was much repetition of these basic 
learnings from one course of study to the 
next. The tabulation, therefore, does not 
attempt to distinguish between learnings 
repeated. What was wanted was the fre- 
quency with which these learnings occurred 
under each topic. 

As the materials were surveyed, it was 
soon noted that not all topics selected were 
being stressed in all courses of study. In 
fact, Charts 1, 2, 3, 4, and 5 show that there 
was general agreement in the over-all pic- 
ture and that some topics should be in- 
cluded more frequently at the elementary 
and junior high school levels than others. 
The percentage distribution of the basic 
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learnings grouped under the ten topics in 
each major area are shown in these charts. 

To determine tiie emphasis placed by 
various groups of teachers who developed 
the curriculum guides, the tabulations were 
analyzed in terms of the basic learnings 
distributed among the ten topics in each 
major area. It seen that some 
topics in some areas are treated very gen- 
erally while other topics are stressed to a 
great degree. Although no reason can be 
assigned for this, the results do indicate a 
trend in grade placement of basic learnings. 


can be 


The results of this tabulation are shown in 
Charts 6, 7, 8, 9 and 10. 
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Number of Basic Learnings by Grade Levels 
for the Major Area 
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Number of Basic Learnings by Grade Levels 
for the Major Area 
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SUMMARY 


The five major areas of science, Plants 
and Animals, the Human Body, the Earth, 
the Universe, and Matter and Energy, in- 
cluded the vast field of science very ade- 
quately. It was found that all basic learn- 
ings gleaned from the study of the several 
curriculum guides could be classified under 
a specific topic under one or more of the 
niajor areas, 


Plants and Animals 


An analysis of the first major area, 
plants and animals, showed that seven 
topics accounted for about 90 per cent of 
‘the basic learnings found. These were 
distributed fairly evenly, as can be seen 
in Chart 1. 


the number of basic learnings found at each 


However, a comparison among 


of the three grade level divisions does indi- 
cate that the intermediate level is the one 
at which most of these learnings occur. 
The primary level is next in the number 
of occurrences with the junior high level 
last in this area. 


Classification, identification, adaptations, 
and habitats were the most frequent items 
stressed. This is not surprising for, al- 
though many gains have been made in 
elementary science content and methods 
in the past few years, the tendency is still 
to lean in the direction of nature study, 
once the mainstay of science learnings at 
this level. 

Human Body 

The human body, as an area, had fewer 
basic learnings listed than any of the others. 
Five topics accounted for 75 per cent of 
the basic learnings tabulated, with the em- 
phasis largely on health, nutrition, hygiene, 
and safety. The junior high level is the 
main grade level in which understandings 
related to the human body were found. 
Even so, the total number of learnings is 
quite small due, in part, to the complexity 
of most of these learnings for young chil- 
dren and, in part, to the fact that general 
biology is usually offered at the ninth or 
tenth grade in most school systems. Since 
biology covers the field of the human body 











174 ScIENCE EDUCATION 


very thoroughly, it is probable that cur- 
riculum makers have left this area to be 
covered at the upper grades. 


Earth 


The area dealing with the earth had two 
main topics that accounted for almost half 
of the basic learnings. On the other hand, 
three topics included about 10 per cent of 
the basic learnings among them. The rest 
of the understandings were divided rather 
evenly among the remaining five topics. 
In comparing the emphasis placed by the 
courses of study in allocating the basic 
learnings at the three grade level divisions, 
it was found that the primary and inter- 
mediate levels had practically the same 
number of learnings in each while the 
junior high level had almost as many. 

Air, water, weather, and climate were 
stressed the most at the primary level. 
This is a logical placement since small 
children need to observe the physical world 
in which they live in terms of the factors 
which are experienced most commonly. 
The understandings in these topics fit this 
requirement and curriculum makers have 
taken advantage of a logical and phycho- 
logical placement of these basic learnings. 


The Universe 

The universe as a major area had, per- 
haps, the most balanced distribution of 
basic learnings for each topic. The courses 
of study included all phases of this area 
at one point or another. Interestingly 
enough, the majority of the basic learnings 
were at the primary level. This level had 
a greater tabulation of learnings than either 
of the others in topics dealing with the 
earth, the sun, the stars, and eclipses. The 
intermediate level had the next greater 
number of understandings. Certain of the 
more complex topics, such as astronomical 
time and measurement, and interplanetary 
bodies, were treated more generally at the 
junior high level. It is interesting to note 


that in this one area all topics are touched 
on at each of the three grade level divisions. 


Matter and Energy 


The fifth major area, matter and energy, 
was the most striking when the number 
of basic learnings was compared with those 
tabulated for the other areas. In one case 
the number was more than double, in two 
cases it was almost four times as many, 
and in one case almost six times greater. 
Certainly, the people making courses of 
study have concentrated on this area for 
emphasis. Three topics accounted for over 
75 per cent of the basic learnings listed. 

The junior high school had slightly more 
basic learnings tabulated than the inter- 
mediate level. Physics, chemistry, gas laws, 
and energy were understandings stressed 
at the junior high level. Magnetism, elec- 
tricity, machines, and work were empha- 
sized at the elementary levels. Several 
topics dealing with modern advances in 
science, aeronautics, rocketry, and atomic 
energy also appeared as basic learnings in 
some of the courses of study. 

The smaller number of total basic learn- 
ings found at the junior high level in all 
the major areas except one may be ac- 
counted for, in part, by the incompleteness 
of the courses of study analyzed. Thirty- 
five courses (K, 1, 2, 3) were included 
at the primary level, twenty-nine courses 
(4, 5, 6) were found at the intermediate 
level, and only twenty-two courses (7, 8, 
9) at the junior high level. Many school 
systems included grades 7 and 8 with the 
elementary level and Grade 9, presumably, 
with the secondary level. Hence, many 
basic learnings had to be omitted for the 
ninth grade since that level was not Avail- 
able for study in many of the elementary 
guides. 

Senior high school courses of study were 
not examined. Because of limited time 
available and the fact that most high schools 
follow a traditional pattern of offering 
biology, chemistry, and physics, it was 
believed that not much would be gained 
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Moral 


at this time by trying to analyze the courses 
of study for the senior high school. Hence, 
the survey was limited to the elementary 
and junior high levels. Most advances are 
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being made at the lower levels, and the 
junior high school is the level where the 
greatest divergence and disagreement seem 
to be present. 


MORAL ARMOR FOR THE ATOMIC AGE * 


Davip B. 


n August 6, 1945, when the report 
O of an atomic blast over Hiroshima was 
flashed around the globe, civilization was 
shaken to its utmost foundations. In- 
dividual reactions varied, from “I am scared 
to death,” to “Father, forgive them for they 
know not what they do.” On the whole, 
the impact was sobering. Men realized 
that, in one brief moment, the history of the 
world had been changed. For better or for 
worse, the story of mankind had entered a 
new and fateful chapter. 

Mortal man stands frightened among the 
appalling forces he has summoned from the 
unknown. The dust stirred up by the 
atomic blast gets into his eyes and obscures 
his vision; and, in the blinding flash of the 
explosion, the inner light that should guide 
him is momentarily obscured. Beholding 
the nuclear conflagration, man feels himself 
a child playing with matches—and he grows 
afraid. 

We are living on the edge of an abyss. 
Any rash act can precipitate our own de- 
struction. Fear of such calamity underlies 
all our acts and thoughts today. 

In the present world crisis, we can at 
least strive to avoid mad actions and pray 
to be delivered from blind accidents. 
Through enlightened public opinion we can 
prevent those who govern us from lapsing 
into carelessness. We can see to it that 
firebrands do not come into power. We 
need alert yet sober leaders who can and 
will think their way through the problems 
that confront us, real statesmen who can 
judge wisely and act decisively. We can 


* Commencement Address, June 6, 1957, Uni- 
versity of Tampa, Tampa, Florida. 
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have such leaders if we refuse to settle for 
less. 

Civilized man is feeling the strain. There 
is a weary feeling of having almost reached 
the ultimate in the Faustian bargain of 
man’s mastery over nature; and of having 
glimpsed in atomic power more of mas- 
tery—and of death—than man is ready to 
face. 

Perhaps the fear and the soul-searching 
it induces are hopeful signs. Many more 
people now sense the need of divine guid- 
ance, of a moral compass to steer by, if 
only because they realize that a single 
blundering act may prove fatal to our civil- 
ization, if not to the continuance of the race 
of man. 

The realization grows upon us that the 
spiritual ideal has ceased to be a luxury and 
has become an absolute necessity. Today, 
in a literal sense never before so apparent, 
the moral law has become the law of 
survival. 

a * * 

To us, human life is sacred and inviolable. 
To the Communists, the individual is a 
cipher, to be exterminated at the will of a 
cold-blooded autocrat; people are so much 
brick and mortar for the construction of a 
soulless Utopia. They demolish a human 
community with as little feeling as if it were 
an anthill. 

In our struggle for the heart of man, we 
must renew the faith; gain again the 
flaming emotion of Pitt and Cromwell; 
of Washington, Lincoln, and the great 
founders of the Republic; of St. Paul and 
all the great Christian martyrs who died for 
their religious beliefs. We must fire po- 
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litical doctrine and spiritual ideals with 
ardent belief, with the magic of passion, for 
our own sake and for the decency of man- 
kind. 

Daily we pray, “Thy Kingdom come.” 
Without a belief in the ultimate good, all we 
have held sacred becomes meaningless. 
Without this ringing faith we are lost. 

There is no old world to go back to; a 
new one must be made, and there are tigers 
in the way. We must breed and nurture a 
robust vigor to resist the vicious assertion 
that a state is an autocratic entity with 
supreme rights ; that it need have no morals 
or obligations, and that its members are 
creatures to do its soulless bidding regard- 
less of their own instincts of human dignity 
and of kindliness. 

We must cling to honor, to moral cour- 
age, to humanitarian the 
sanctities of life—and defend them, for 
these are the things our Godless adversary 
would destroy. 


ideals—to all 


There is a tendency to think of all these 
things in far too small units of time. Many 
are in panic because we have not solved the 
problems of the Atomic Age in the brief 
span of ten years. A lifetime is only a 
second of eternity. All historic time is only 
a moment in the eternal plan. Mankind is 
barely emerging from the nursery. He 
stands bright-eyed with new knowledge of 
his past and, for the first time, with the 
power and will to mold his own future. We 
must educate our youth so that they will be 
strong to resist evil and to fight for the 
things that endure. With resolute faith and 
courage, guided by their power for reason, 
their power for virtue, and the power of 
spiritual truth, they will make a braver new 


world. 
ok ok ok 


St. Thomas Aquinas once said that there 
are only three really important endeavors 
in life: To have faith in the right things, 
to hope for the right things, to love the right 
things in life. 

Our faith, hope, and love for the good, 
the true, and the beautiful find their expres- 


ScIENCE EpUCATION 


[Vor. 42, No. 2 
sion in Science, Religion, and Art. These 
are the three main pillars of civilization. 
For man’s highest fulfillment, we must re- 
vere all three. 

Religion, Art, and Science, representing 
the everlasting search for the good, the true, 
the beautiful, constitute a trinity of human 
All three are but different 
aspects of the same reality, of the same 
feeling for the sublime, rooted in the su- 
preme mystery of being. 

It has been pointed out that there is a 
common and unifying element—what we 
identify instinctively as the divine spark 
in a Raphael Madonna, a Beethoven sym- 


aspiration. 


phony, a discovery by Copernicus, Newton, 
or Einstein. In each instance, inspiration 
vas drawn from some common reservoir 
of spiritual vitality. In each there were 
moments of flashing intuition that call to 
mind the Burning Bush that spoke unto 
Moses. The experience of sudden inner 
illumination beyond mere intelligence, the 
inner light known to mystics, martyrs, and 
poets, is not unknown to creative scientists 
and inventors. 

Art and Religion are related. They flow 
from the same fount of inspiration in the 
human soul. We need only to think of the 
Psalms and the Prophets, or supreme ex- 
amples of religious music and painting, to 
see their intimate relationship. And fore- 
most thinkers among scientists and theolo- 
gians are coming to recognize that Science 
and Religion also are closely related. As 
the horizons of Science advance, many of 
its great leaders become more humble, not 
less; more reverent, not less. 

The more deeply we delve into the heart 
of Nature, the more awe-struck we stand 
in the face of ineluctable mysteries. As the 
frontiers of Science advance, the scientist, 
the poet, and the religious man meet on 
common ground—the common ground of 
the ultimate, the infinite, the eternal. 

The man who discovered that electricity 
and magnetism are related, Hans Christian 
Oersted, once said, “The Universe is a 
nianifestation of an Infinite Reason and the 
laws of Nature are the thoughts of God.” 
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From Pythagoras and Euclid to Newton 
and Einstein, the mathematicians and scien- 
tists voyage on enchanted seas to find new 
isles of wonder. In the microcosm of the 
atom and in the universal laws of celestial 
mechanics, they find the poetry of harmony 
and perfection. They unveil for man the 
simple and sublime unity of Creation. In 
the structure of the universe, they discover 
the divinest poetry—the grandeur of the 
infinite. 

By godlike magic given to man, linking 
the infinitesimal to the infinite, the scientist 
penetrates the atom and he lassos the flying 
stars. And in the ordered beauty and unity 
of the cosmos, in its sublime and eternal 
design, he finds Divinity. 

The age-old conflict between Science and 
Religion is being resolved. In the first flush 
of triumph in the laboratory, the scientists 
of a century ago allowed pride to get the 
better of them. Twentieth-century scien- 
tists, knowing more, are less dogmatic about 
spiritual matters and less idolatrous in their 
regard for the sovereignty of physical law. 
They are discovering that God’s universe 
contains imponderables beyond the reach 
of test tubes, formulas, and slide rules. 

Science is rooted in a moral order of 
reality it did not create. Where would 
Science be without the passion for truth 
and its everyday dedication? Where would 
it be without the self-denial and splendid 
integrity of its saints? Whence this spirit 
of consecration? Whence this passion and 
honor and devotion? The scientist is un- 
der obligation to a higher loyalty, to some- 
thing regal in the universe which he did 
not create but must obey. This spirit comes 
from something greater than Science, some- 
thing in the soul of man. 

Science would not have developed as it 
has in our Western civilization if it had not 
been for the Judeo-Christian faith which 
has steeped the minds of scientists with the 
sense of the worth and significance and 
eternal importance of human enterprise. 

For centuries, scientists believed that 
matter and energy were distinct entities, 
mutually nonconvertible ; that matter could 
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neither be created nor destroyed. When 
Einstein set forth his famous conversion 
formula, he dared to turn his back on three 
centuries of scientific thinking. Had Ein- 
stein’s formula remained on paper, the 
world would have been little impressed. 
But something did happen over Hiroshima. 
A city was destroyed because a small group 
of men were willing to proceed on the as- 
sumption that E = M c?, and now we 
know that matter and energy are con- 
vertible. 

The matter which distintegrated first 
privately over the American desert and 
then publicly over Japan ceased to exist as 
matter. We can no longer say “I am a 
materialist,” now that we know that noth- 
ing is ultimately material We can no 
longer deny Creation. We can no longer 
insist that material things are more real or 
more enduring than the intangibles of life 
and spirit. 

* + * 


In today’s world crisis, our only salvation 
lies in the soul of man. We stand at 
Armageddon, fighting the forces of godless- 
ness. Man’s higher intuitions and ideals 
have become the key to survival. 

We find this ageless message in the 
Psalms : 

“Except the Lord keep the city, 

The watchman waketh but in vain.” 

In the present world situation, we must 
be constantly on the alert, without panic or 
liysteria. We must be resolutely prepared 
to meet aggression if it comes our way. We 
must maintain our military arms and our 
preparations for defense at a level of 
strength that will deter a would-be ag- 
gressor. As safeguards for our nation, 
these measures are vital to our security. 

But we must face the truth that, in the 
world of today, genuine protection is no 
longer to be found in material safeguards 
alone. We have learned that insularity is 
no protection. The oceans now provide no 
more immunity to attack than did the 
trenches and Maginot lines of a generation 
ago. Guided missiles are piercing the 
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stratosphere—soon they will be able to de- 
liver a cargo of destruction from any spot 
on this globe to any other. 

In this day of fear, fatigue, and frustra- 
tion, our only invulnerable armor is a 
genuine spiritual faith and the courage 
founded thereon. 

Each good man has in himself a quiet 
place in which he lives, however seemingly 
torn by the turmoil and passions of the 
world. That is his citadel, which must be 
kept inviolate against assaults. That quiet 
place must be founded upon a rock, and the 
rock must be a belief—a belief in the 
existence of the ultimate good, and a will- 
ingness to put forth his strength against 
the ultimate evil. 

Religion kas always served us in this 
purpose. It is the earliest inspired percep- 
tion of a higher power—an expression of 
man’s intuitive kinship with the spiritually 
divine. At first, primitive man made Re- 
ligion a shield against his ignorance of the 
strange and terrifying happenings by which 
he found himself surrounded. But now the 
dangers that confront us are born of man 
himself. As man first made Religion a 
shield against his ignorance, he now needs, 
more than ever, Religion as a shield against 
misuse of his knowledge. 

Our obligation, even in selfish terms of 
survival, is not to find a coexistence with 
evil, but resolutely to oppose it and in the 
\ end to overcome it. 

We have witnessed the Steam Age, the 
Atomic Age, the Electronic Age. But the 
They are 
the values distilled from man’s total experi- 
ence. 


basic moral values are ageless. 


Precisely because we now have in our 
hands such immense natural forces capable 
of uprooting us, we need a sure anchorage 
in the soul. We need a renewed and re- 
vitalized emphasis on the enduring basic 
elements, such as truth and justice, loyalty 
and love. 

Man must be awakened to the fact that, 
as never before, he is his brother’s keeper. 
The human race must be made aware that 
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reckless or unscrupulous conduct 
amounts to race-suicide—that man’s true 
progress and security are to be found in 
the principles of universal kindness and uni- 
versal good will. 

Science is coming close to providing a 
world-wide storehouse of plenty; but that 
will avail us nothing if the spirit is left 
starved and our moral armor is neglected. 

The one outstanding lesson of the present 
crisis of the human race is that man must 
relearn humility, reverence and_ spiritual 
faith. This is the thought I want to leave 
with you. 

Today, both Religion and Science have 
vital roles to play. They must play them 
together in a concerted effort. 

The final test of Science is not whether 
its accomplishments add to our comfort, 
knowledge, and power, but whether it adds 
to our dignity as men, our perception and 
reverence for truth and beauty, and our 
faith in the ultimate good. This is a test 
Science cannot pass alone and unaided. The 
major burden rests on Religion—to show 
to all men the way to a richer, fuller spir- 
itual life, keyed to eternal moral values. 


now 


DAVID B. STEINMAN 


David Barnard Steinman, internationally dis- 
tinguished bridge engineer, was born in New 
York, June 11, 1886. The son of Louis Kelvin 
and Eva (Scollard) Steinman. He married Irene 
Hoffman on June 9, 1915 and has three children, 
John Francis, Alberta, David. 

He received his B.S. degree (summa cum 
laude) at the City College and his C.E., A.M., 
and Ph.D. degrees at Columbia University. He 
was Professor of Civil Engineering at the Uni- 
versity of Idaho from 1910-14, and Professor of 
Civil and Mechanical Engineering at the City 
College from 1917-20. 

Since 1920, he has been in private practice and 
has served as designing or consulting engineer in 
the construction of nearly 400 bridges on five 
continents. Eight of his bridges have been honored 
in the annual awards for the most beautiful 
bridges in America. 

He has received more than 130 honors, for 
distinguished achievements, sixty-seven of which 
were from foreign countries. He has twice re- 
ceived the Norman Medal, the highest award of 
the American Society of Civil Engineers, in addi- 
tion to two other awards from this Society. In 
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1932 Dr. Steinman was presented with a silver 
scroll by eleven engineering societies for his out- 
standing contributions to the advancement of the 
engineering profession. He is the author of an 
inspirational biography, “The Builders of the 
Bridge”; 128 published poems; a large number 
of standard works on bridge design and con- 
struction; and more than 600 technical papers 
and inspirational articles, many of them trans- 
lated and published around the world. He has 
contributed to five encyclopedias and has lectured 
on bridge design and other subjects at more 
than 80 leading colleges and universities. 

In 1947 he was awarded an honorary Doctor 
of Science degree by his alma mater and the 
University Medal for Excellence by Columbia 
University, and the Egleston Medal, in 1951. In 
1952 he was presented with the highest award 
of the National Society of Professional Engi- 
neers. In 1953, he had nine more honorary degrees 
conferred upon him (six in the U. S. and three 
in Europe), including Doctor of Science by 
Columbia University and the University of Ghent 
(Belgium), Doctor of Civil Engineering by the 
University of Bologna (Italy), Doctor of Engi- 
neering by Rensselaer Polytechnic Institute and 
Manhattan College, Doctor of Science in Engi- 
neering by Ohio Northern University, and Doctor 
of Laws by Alfred University. He has since 
received six more honorary doctorates, bringing 
his total number of academic degrees to twenty, 
including four earned and sixteen honoris causa. 
In 1954 he received the highest award of the 
Scientific Research Society of America, for his 
research and inventions in suspension bridge aero- 
dynamics. In April 1957, the Musicians’ Club of 
America gave Dr. Steinman its premiere Distin- 
guished American Award. 

Dr. Steinman has been honored as President, 
Honorary Member and Fellow, of a long list of 
engineering and scientific societies. He is a Life 
Fellow of the Royal Society of Arts in Great 
Britain, and is President of the New York 
Academy of Sciences. He has been awarded the 
French Legion of Honor, the Grand Prix 
Humanitaire of Belgium, the Order du Merite 
Scientifique of France, the Memorial Cross of 
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the Greek Legion, the Croix de Lorraine of 
France, and the Order of the Gold Cross of 
Rome, in addition to many other honors by 
foreign countries. Dr. Steinman received a civic 
medal for his work on the reconstruction of the 
Brooklyn Bridge, and he is presently engaged on 
the world’s largest bridge project, the $100,000,000 
Straits of Mackinac Bridge in Michigan. He is 
also engaged on the plans for the proposed 
Messina Straits Bridge, to connect Sicily to 
Italy, with a record-breaking span of 5,000 feet, 
to cost $150,000,000. 

Among the many notable bridges of the world 
on which Dr. Steinman was designer or con- 
sultant are the Mount Hope Bridge in Rhode 
Island, the St. Johns Bridge in Oregon, the 
Carquinez Straits Bridge in California, the Henry 
Hudson Bridge in New York, the Constitution 
Bridge in Puerto Rico, the Thousand Islands 
Bridge across the St. Lawrence River, the Kings- 
ton-Rhinecliff Bridge across the Hudson River, 
and the Raritan River Bridge in New Jersey. 
He is now engaged on plans for an international 
bridge between Sault Ste. Marie, Michigan and 
Sault Ste. Marie, Ontario, and another interna- 
tional suspension bridge over the St. Lawrence 
Seaway. 

He is the founder and president of the David 
B. Steinman Foundation for grants to education, 
for research and for student aid. Dr. Steinman 
has achieved recognition as an engineer, scientist, 
mathematician, artist, inventor, bridgebuilder, edu- 
cator, lecturer, author, poet, and humanitarian. 
His life and his work have been an inspiration 
to thousands of young engineers and engineering 
students not only in America, but throughout the 
world. 


Help Me, Lord, To Build My Span 
Anchored firm in solid rock, 
On Thy foundation let me build, 


Strong to bear each strain and rock, 


A bridge of dreams and faith fulfilled. 


D. B. STEINMAN 
Christmas, 1956 


SCIENCE AND EDUCATION 


R. S. HorHLer 
Byers High School, Byers, Colorado 


Ss a beginning teacher in science per- 
haps I have no right to make definite 
observations and suggestions, but psycholo- 
gists have said that sometimes a new indi- 
vidual is needed in an ancient field to 
establish new perspective. 
Competent and resigned teachers smile 


et youthful idealism, advising the novice to 
face the stern realities of public education. 
Actually, who is facing reality in our 
schools today? How can a socialized, 
pleasure-seeking baseball culture compete 
with the determined Kremlin pallor? If 
there is no radical improvement in the 
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quality and intensity of public instruction 
some of us feel that within sixty or seventy 
years the glorious U.S.A. will be just 
another satellite of the U.S.S.R. If we 
continue our “adjusting” of youth, encour- 
aging baseball during the day and dancing 
during the night while /van works con- 
stantly, with insistent purpose, the stern 
justice of nature cannot long be postponed. 

Those of us who have studied biology 
know that nature in the large is Aristo- 
cratic, that contrary to our 
prejudices only the best are selected and 
survive. If we are to fashion a competent 
educational product we must choose the 
finest youngsters and give them the best 
ve have—cripples, morons and spastics will 
not save our civilization but will quietly die 
along with all of us if we do not awaken 
to the startling realities abroad. 


generous 


There are 
of course peaceful interludes in nature, but 
Darwinian Law prevails at last however 
much we may rationalize weakness. 
Perhaps we should not attempt to put 
progressive educators on trial for sedition, 
but it is quite apparent that education has 
lost vigor since the advent of Dewey and 
his many disciples. Dewey, et al., was a 
factor of undetermined magnitude working 
unconsciously perhaps toward the weaken- 
ing of intellectual discipline in the schools 
of this country, a factor whose constant 
attrition is at last yielding serious results, 
results which only politicians enjoy explain- 
ing away. The fact is we are not now 
producing adequate scientific or humanis- 
tic talent to maintain for long our world 
The that Nero 
fiddled while Rome burned is of less im- 


leadership. possibility 
portance to us than what progressive edu- 
cators have actually been doing while our 
nation goes further and further into inter- 
national scientific eclipse. 

There are of course a number of reasons 
for the decline of educational vigor ranging 
from salary difficulty and over-crowding to 
misconceptions of the true meaning of 
democracy. But most important from my 
viewpoint are two attitudes prevalent in 
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America today: anti-intellectuality and 
preoccupation with luxury. This anti- 
intellectuality and excessive luxury may 
well mean the eventual undoing of the 
American Colossus. Our nation today 
needs more disciplined learning and less 
‘asy consumption if we are to avoid an 
irreversible decay; a study of history re- 
veals no evidence contradicting this wisdom, 
nor can you discuss the excesses of ease 
and convenience before a weakening popu- 
lation. Hedonism and materialism must 
find their own inherent emptiness. Anti- 
intellectualism is an even more insidious 
fact in contemporary American society, 
strengthened both by the entertainment 
field and by professional educators. In 
entertainment serious endeavor is degraded 
by laughter, while progressive “education” 
is a kind of prelude to anti-intellectuality, 
leading incessantly away from true learn- 
ing by diluting any possible content with 
simple smiles and irrelevant dalliance. 
Education that degrades itself to the blind- 
ness of everyday life can only stumble and 
fall into disrepute; teachers who follow 
students are foolish, and those who justify 
this unnatural inversion are merely sophists. 
Substantial education draws the youthful 
mind and heart up toward intelligence and 
enlightenment, toward the lofty inspiration 
and accomplishment of our race, while 
subtly suggesting other galaxies of discov- 
ery beyond the grandeur of the past. . . . 
Today as always there is no royal road 
to learning, and we need more than ever a 
new discipline in education. We need also 
a sincere love of learning which only dedi- 
cated men and women can induce in the 
new generation. If our nation is to survive 
in a competitive and unfriendly world we 
cannot afford the luxury of inefficiency, a 
grossly wasteful system which aims only at 
average smiles but produces instead disin- 
terest, deliquency and scientific or cultural 
failure. 
A society can reach no higher than the 
ideals of its youth, but when the greatest 
intellectual movement of our times becomes 











Marcu, 1958] 


ridiculed and despised (remember the 
caricatures of the scientist and the intellec- 
tual, the mad wizard in a laboratory and 
the impractical egg-head ) how can we com- 
pete with the fervent sincerity of other 
peoples ? 

A few of us cannot change the attitudes 
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of the entire population, all we can do is 
to choose those who can advance the Estate 
cf Man and when found train them as best 
we can in matters of intellect, for as 
Churchill has very significantly said, “The 
empires of the future will be the empires 
of the mind.” 


SELECTION OF MAJORS AND MINORS BY PROSPECTIVE 
SECONDARY SCHOOL TEACHERS 


LEONARD 


A. Forp 


State College, Mankato, Minnesota 


N institution which prepares teachers 
A should prepare truly educated people 
for the classroom. Teachers need a great 
interest in the subjects that they will teach 
if the interest is to be transmitted to the 
students. A teacher needs an accurate 
knowledge of the subject and some knowl- 
edge of the contribution that the field makes 
toward general culture. It is only the well- 
trained teacher that can meet the needs and 
interests of the boys and girls in the high 
schools and help them to grow into respon- 
sible and active citizens. 

The education of the high school teacher 
consists of the completion of its three 
phases ; general education, professional edu- 
cation, and a system of majors and minors. 
A committee at Mankato State Teachers 
College was set up to study majors and 
minors and found that concentration areas 
are often tied in with general education 
courses. However, senior college work is 
implied in many systems of majors and this 
usually means the completion of a consider- 
able amount of work in one area, whereas 
general education courses are on the junior 
college level. 

Many state departments of education in- 
dicate the completion of three years of work 
in one area and two years of work in one 
or two other areas as a minimum require- 
ment to teach in a high school. Usually 
the areas specified are single subjects. 
Other standards of preparation are speci- 
fied by regional accrediting agencies or the 


institution that grants the degree. It was 
found that liberal arts colleges did not give 
the prospective teacher a careful selection 
of allied fields that he may teach in high 
school. Majors, however, in these colleges 
required the completion of considerable 
work on the senior college level. The 
smaller teachers colleges required the com- 
pletion of a number of allied fields in a 
major but most or all of the work was of 
junior college level. University colleges 
of education combine some of the concen- 
tration requirements of liberal arts colleges 
and small teachers colleges in that they re- 
quire a single-subject major and several 
allied fields in an area major, thus enabling 
the student in college to prepare to teach 
in four or five subjects in high school. 

The larger teachers colleges such as Ball 
State in Indiana, Eastern of Illinois, West- 
ern of Michigan and the Colleges of Educa- 
tion at Minnesota and Wisconsin specify 
considerable work on the senior college 
level in a major. The smaller teachers 
colleges in the midwest rarely indicate the 
requirement of any work on the senior col- 
lege level. A broad major in science at 
Western Michigan College is limited to two 
departments with at least 27 quarter hours 
above the Freshman level. A social science 
iajor in the same institution is limited to 
three departments with 27 quarter hours 
in one department. A science major at 
Colorado State College at Greely, however, 
consists of 48 hours of work in science, all 
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of which is limited to beginning or junior 
college courses. A study of science majors 
in 36 teachers colleges in 1941 showed that 
24 of them were entirely on the junior col- 
lege level.? 

At the University of Minnesota College 
of Education a major in science totals 75 
quarter hours in the field including at least 
30 quarter hours in one science and a 
minimum amount of work in the other 
An area major in science at the 
University of Wisconsin College of Educa- 
approximately the 
amount of work in the field. Since the State 


sciences. 


tion includes same 
Department of Public Instruction in Wis- 
consin specifies a minimum of one major 
of 36 quarter hours and two minors of 22.5 
quarter hours each, the area major appar- 
ently includes both majors and minors 
since no additional minor is required with 
the broad science major. 

A field of concentration at Hamline Uni- 
versity in Minnesota appareitly includes 
majors and minors. Fifty-four quarter 
hours are required which must include 27 
in one department; 18 in allied courses, 
half of which must be of senior college 
grade. At Eastern Illinois Teachers Col- 
lege one maior of at least 36 quarter hours 
However 
the number of hours actually required in a 
major is 48 in a single subject so arranged 


is required and one minor of 24. 


with allied fields that a student is prepared 
to teach in 5 or 6 different high school 
subjects. 

A major in the fields of music, science, 
fre- 
quently means that about half of all college 
work is concentrated in one area. 

A major in one area may imply less work 
than a minor in another area. A major in 
mathematics in the College of Education 
at the University of Minnesota with proper 
prerequisites constitutes 33 quarter hours 
of work whereas a science minor means the 
completion of 55 hours in science. In the 
same institution a language arts major 


social studies and home economics 


1Leonard A. Ford, “Science Curricula of 
Teachers Colleges,” Science Education 25 :95-97 ; 
February, 1941. 
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the allied fields of 


English, speech, journalism and _ library 


consists of work in 


science. No minor is required with this 
major. 

A study of majors and minors is not com- 
plete without a study of teacher placement 
with respect to teaching assignments in the 
first The 1950 National 
Supply and Demand Study ® indicates the 


year. Teacher 
wisdom of careful planning on the part of 
an institution in a program of preparation 
of teachers in secondary schools. This re- 
port indicates that teachers whose major 
preparation is in English will be asked to 
teach in that field but also in the allied 
fields of foreign language, speech, library 
science and journalism. Music and social 
studies are frequently combined with Eng- 
lish. A student whose major is in the 
science area or one of the fields of science 
will likely be asked to teach any of the 
sciences as well as mathematics. He may 
be asked to coach or teach a course in the 
social studies. 

Teachers of home economics frequently 
teach general science, biology, or chemistry 
but rarely do they teach physics. Industrial 
arts teachers are most frequently combined 
with an assignment in physical education 
but teachers whose major assignment is in 
physical education often have an assign- 
ment in science with emphasis on biology. 

Teachers of art, commerce, foreign lan- 
guage, music and library science seem to 
confine their teaching pretty much to their 
major assignments. Music teachers are 
sometimes given an assignment in English 
or possibly social studies. However 3 out 
of 4 beginning teachers in music confine 
their teaching to that field. 

An analysis of a single science major in 
the report shows that 1 out of 2 beginning 
teachers confines his teaching to that field; 
3 out of 4 teach combinations of science. 
Chemistry and physics teachers have mathe- 
matics as a minor assignment and _ these 
teachers confine their teaching assignments 

2Ray C. Maul, “Teacher Supply and Demand 
in the United States,” National Education Asso- 
ciation, Washington, D. C. 
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to these fields in 9 out of 10 cases. When 
biology is the major assignment other 
sciences constitute one minor assignment 
but physical education for men rather than 
mathematics is the second most common 
assignment. 

Mathematics is most frequently combined 
with general science and mathematics 
teachers frequently teach: physics, chem- 
istry, and biology in that order. Mathe- 
matics teachers have a wider range of 
assignments than science teachers. 

Social studies appear to be combined 
with more unrelated fields than other aca- 
demic subjects. One fifth of the teachers 
whose major assignments is English are 
teaching some social studies. The study 
indicates that teachers in any field may be 
assigned to teach in the social studies area 
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and one third to one half of those whose 
principal assignment is in the social studies 
will teach in other areas as well. 

This study indicates that careful planning 
is necessary on the part of the prospective 
teacher in high school early in his college 
career so that he will be prepared to teach 
in several allied fields. Early planning is 
essential for sound scholarship. The 
teacher in high school should have the re- 
spect of college teachers in the field. If his 
teaching is to be inspirational he needs to 
concentrate a considerable portion of his 
energies on sehior college courses. Many 
colleges that prepare teachers need to re- 
study their major and minor requirements 
if they are to prepare teachers with ade- 
quate training in the subjects they will 
teach. 
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FREEMAN, Rocer A. Federal Aid to Education 
—Boon or Bane? Washington, D. C. (1012 
14th Street N.W.): The American Enterprise 
Association, 1955. 53 P. $1.00. 


No field of proposed federal spending is more 
controversial today than federal aid to education. 
Confusion of issues and distortion of facts add 
heat to the controversy. 

In this study prepared for the American Enter- 
prise Association, Roger A. Freeman, assistant to 
the Governor of the State of Washington since 
1950, discusses several basic issues involved in the 
question of federal aid to education. 

Mr. Freeman finds the critical question to be 
one of control—whether federal aid also spells 
federal control of education. Mr. Freeman says 
federal control will be inevitable despite the sin- 
cere denials of many federal aid proponents. 
States are less in debt today and are really in 
much better financial position to pay for increased 
educational needs. Federal aid will not equalize 
educational conditions (better buildings, facilities, 
supplies, better qualified teachers, etc.) and no 
bill has been introduced to give federal aid to 
education based on need alone. All bills will 
distribute money on basis of pupil or adult popu- 
lations. The lowest income states show decreases 
in number of children. Federal aid would really 
make the differences greater. A good case could 
be made for federal aid to only the lowest-income 
states, but listen to the yells from the larger- 
income states. The controversy over segregation 
and the status of private schools still further 
complicate the issue. Possibly something may be 


done about federal aid for buildings but not for 
salaries. Altogether the author sees federal aid 
as a bane rather than a boon. 


Haupt, ArtHur W. An Introduction to Botany. 
New York (330 West 42nd Street) : McGraw- 
Hill Book Company, 1956. 447 P. $5.50. 
This is the third edition of a text first published 

in 1938. Intended for a one-semester course, 
there is sufficient material to enable the instructor 
to make a wide selection. There is some emphasis 
on morphology—more than in some texts in bot- 
any. The book is well-written and adequately 
illustrated. 


McCorkie, Paut. The Physical World. New 
York: (330 West 42nd Street) : McGraw-Hill 
Publishing Company, 1956. 465 P. $5.25. 


This is the second edition of a college text in- 
tended for a one semester in physical science in 
general college education. The book is intended 
to provide material for three types of students: 
(1) those who have had little or no science in 
preparatory schools and who do not intend to 
pursue intensive work in the scientific field; (2) 
those who plan to major in science; and (3) those 
who are potential science teachers in the second- 
ary schools. 

The author has had long experience teaching 
courses in physical science at Westchester State 
Teachers College and elsewhere. He is presently 
head of the Physics Department at Bradley Uni- 
versity. 
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Cutver, CHARLES A. Musical Accoustics. New 
York (330 West 42nd Street) : McGraw-Hill 
Book Company, 1956. 305 P. $6.00. 


Musical Accoustics provides an authoritative 
but non-mathematical treatise for the use of pro- 
fessional musicians, college music majors, and 
others interested in the field of music. It is also 
a fine book for the physics teacher as a general 
reference. 

The book explains the physical basis of musi- 
cal intervals and temperment and the distinguish- 
ing characteristics of the tones emitted by the 
various musical instruments, including the human 
voice. The book is well illustrated. 


Haun, Mitton E. anp MAcLEAN, MALcoL”o S. 
Counseling Psychology. New York (330 West 
42nd Street): McGraw-Hill Book Company, 
1955. 302 P. 


This is a revised edition of a text first pub- 
lished in 1950. The book deals with changes in 
theory and practice in counseling psychology. 

A few of the chapters are: counselors and 
counseling, the philosophy and ethics of counsel- 
ing psychology, the tools and techniques of coun- 
seling, aptitudes and abilities, collection of data 
for a systematic case study and prognosis and 
prediction. 


WELLs, HARRINGTON AND WELLsS,. PAtrick H. 
General Biology. New York (330 West 42nd 
Street) : McGraw-Hill Book Company, 1956. 
520 P. $6.50. 


This 


father-son textbook in general biology 
gives a composite picture of the living world with 


integration with the allied physical sciences. This 
is a rather complete resume of the essentials of 
botany, zoology, and comparative physiology. 
Some 200 figures, largely original illustrations 
supplement the well written textual material. The 
senior author is well known for his Elementary 
Science Education and Secondary Science Educa- 
tion texts—both published by McGraw-Hill Book 
Company. 


ANDREWS, MAry EVANs. 
York (55 Fifth 
and Company, 1955. 


Lanterns Aloft. New 
Avenue): Longmans, Green 
212 ?.. 275. 

This story is based on the British attack on 
Saint Michaels, Maryland, August 10, 1813. The 
British suffered heavy losses and withdrew their 
fleet to Bermuda for the rest of the year. Fort 
McHenry, Baltimore, was bombarded in Septem- 
ber. 

Two boys, Bob Pennington and his friend 
Jeremy, were active participants in the battle 
and its preparation. However, neither got to be 
drummer boys as they so much desired. They 
were too young even for that. However, Penning- 
ton’s idea carried out by General Benson of 
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placing lanterns in tres made the British fire too 
high in the fog attack and was the major factor 
in turning back the British. 

Boys and girls ten to fourteen years of age 
should thoroughly enjoy this adventure story of 
the War of 1812, based upon actual facts. 


Du Soe, Rosert C. Only the Strong. 
(55 Fifth Avenue): Longmans, 
Company, 1955. 133 P. $2.75. 


Tadeo Webb lived with his parents on the once 
famous and wealthy Rancho Las Palmas. The 
father eked out a scanty existence in a gold 
mine. Tadeo rapidly grows to maturity in re- 
sponsibility if not in size. Two milestones along 
the way were the destroying of his dog Pento 
who developed rabies in killing a mad coyote 
about to attack his cousin. The second was his 
setting off a dynamite charge bringing water to 
the ranch again, water that had been plentiful 
before an earthquake many years previously. 
The book is suitable for grammar grade-junior 
high school boys and girls. 
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TURNGREN, ANNETTE. Steamboat’s Coming. New 
York (55 Fifth Avenue): Longmans, Green 
and Company, 1955. 183 P. $2.75. 


From his father’s farm in Minnesota on the 
Mississippi River, Will Morgan watches the 
steamboats go by. The time is the mid 1850's 
before Minnesota becomes a state. His great 
ambition is te become the pilot of a boat like 
the Galena. A Swedish boy, Bengt Lindstrom, 
moves to an adjoining farm. Bitter rivals at 
first, the boys become true friends and each 
realizes his ambition—Will as a cub pilot with 
his friend Stephen Hanks, and Bengt on a 
wheat farm. This is a fine story of early pioneer 
life for boys and girls ten to fourteen years of 
age as it depicts an interesting segment of Amer- 
ica’s growing up. 


Avenue) : 
ou F. 

This is the story of Ted McDowell who came 
to Canada from England with his mother. They 
planned to meet the father at a trading post 
in Canada. The boat was wrecked by an iceberg 
and Ted and his Mother were separated, only to 
be reunited three years later. Ted finds his father 
and they go to Fort Edmonton as fur traders. 
Ted is given the Indian name Sukanabi and 
becomes a life long friend of White aif. 
Trouble came to the Spitzee River country when 
unscrupulous white men bring in whiskey and 
guns. Ted lives three years alone in a cabin 
hide out in the mountains until the Indian—White 
war is over. 

Young readers will enjoy this story of adven- 
ture in the mid-sixties on the Western frontier 
of Canada. 


Kinc, D. R. Sukanabi. (55 Fifth 
Longmans, Green and Company, 1955. 








